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ABSTRACT 


The relative contribution of various substrates to metabolism, as 
determined.by respiratory measures, was measured for 12 male subjects 
(x age = 23.3 years) working at submaximal intensities. The subjects 


were divided equally, according to VO,max, into a trained (T) group 


2 
(x vO,max = 50.5 ml/kg/min) and an untrained (UNT) group (x VO,max = 42.1 


2 
ml/kg/min). Each subject completed one session of each of 30, 40, 50 and 
60% Vo,max exercise on a bicycle ergometer. A session included phases of 
rest, 10 minutes warm-up, 40 minutes exercise and 30 minutes recovery. 
Other measures taken included heart rate, lactate levels, urine urea No» 
diet analysis and anaerobic threshold determination. The dependent 
variable was a modified non-protein RQ (npR'). 

The npR' value was significantly different across phases. The 
highest values were recorded during exercise, followed by those of wam- 
up, then those of recovery. Recovery npR’' did not decline below resting 
levels as observed elsewhere. Exercise intensity dictated the npR' value 
but had no effect on recovery npR', perhaps due to an insufficient 
stimulus. Finally, an indirect determination of the optimal intensity 


for fat utilization was made (40-50% VO,max). It was concluded that if 


2 
an individual adhered to the lower ranges of a cardiovascular fitness 


program, he/she may also benefit from enhanced fat utilization. 
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CHAPTER I 


INTRODUCTION 


In recent years there has been considerable emphasis on physical 
fitness in our society. One aspect of physical fitness is the relative 
proportion of fat stored in Ehaepody) A fitness and health concern is 
the common excess of body fat in a large segment of our population. 

Good physical fitness has been defined as the minimal acceptable levels 
of strength, flexibility, cardiovascular endurance, and body composition 
necessary to maintain adequate health (Astrand and Rodah1l7e1077) 7arA 
common means of reducing body fat is to increase activity levels. Research 
has indicated that there are intensities at which fat is preferentially 
utilized (i.e., Pirnay et al., 1977). Studies of substance utilization 
have shown that fat is the predominate fuel at the low end of the 
exercise intensity continuum. Conversely, carbohydrates (CHO) become 
predominate as intensity increases. As excess body weight can be 
related to excess fat storage, it is of interest to determine how best 
to 'burn' this excess off. Because slower, longer activity both taxes 
the cardiovascular system as well as oxidizing predominately fats, a 
light prolonged exercise protocol will best elucidate the question of 
optimal fat utilization. 

There are several ways to measure substrate utilization in light, 
prolonged exercise. One method is to take serial blood samples. From 
these samples numerous substances can be identified: glucose, lactate, 
insulin, free fatty acids (FFA), free glycerol, catecholamines, glucagon, 
etc. Each of the substances, when analysed serially, are indicative of 
a component of the process of substrate utilization. One difficulty 


with such a technique is that the substances are blood borne and therefore 
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are only in transit. Although meaningful indications of rates of flows 
and the onset times of these flows can be made, conclusions about the 
cellular processes are not possible. To get at this problem the investi- 
gator must look at more microscopic techniques such as biopsy and in 
vitro experimentation. Such studies have provided valuable knowledge 
to this topic. However, with increasing experimental sophistication 
comes increasing technical difficulties. Serial blood analyses require 
numerous samplings, sometimes elaborate assays and the trained personnel 
and proper laboratory facilities for such processes. Biopsies, an 
invasive technique, are equally technically difficult. Thus, other 
methods were sought that were reliable yet more easily administered. 

The common method of energy expenditure and substrate utilization 
determination is to use respiratory measures. The principle is that 
the oxidation of different substrates produces different ratios of CO 


v3 


produced to O, consumed. It has also been determined that the consump- 
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ElOUsOLe aaa eco rol 0, at a given ratio is directly associated with the 
expenditure of given amounts of energy. Thus, within limitations, 
respiratory measures can be used to obtain energy and substrate data. 
The advantage of the method is that it is non-invasive, reasonably 
reliable under certain conditions, and can be administered easily. 

The purpose of this study was to monitor substrate utilization, as 
measured by respiratory parameters, during submaximal exercise. The 
exercise protocol was designed to approximate a 1 hour session that a 
sedentary person might undertake in a fitness program. While the work 
phase lasted 50 minutes, resting and recovery measures were also recorded. 
Various factors that may influence the fat contribution profile - such 


as diet, vo max, anaerobic thresholds, protein catabolism and lactate 
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levels - were also measured. The ultimate goal was to determine an 
optimal intensity for fat utilization and compare this to established 
fitness protocols. 

Several limitations affected the findings of the study. Besides 
the usual difficulties involved with data collection and analysis, 
problems arose concerning the determination of work intensities. Also, 
the fact that respiratory measures are indirect assessors of substrate 
contribution must be taken into consideration when interpreting the 


results. 
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CHAPTER II 


REVIEW OF THE LITERATURE 


Substrate Metabolism 


It has been known for many years that three principle foodstuffs 
(fats, proteins and carbohydrates [CHO]) are used in energy production 
by the human body (Regnault and Reist, 1849). Early investigations 
further determined that the contribution of proteins is small and can be 
quantified through fecal and urine samples (Zuntz and Schumberg, 1901; 
Lusk, 1928; Cathcart and Cuthbertson, 1931). This has left only fats 
and CHO as the principle contributors to the energy obtained either at 
rest or during various modes and intensities of exercise. 

Substrate contribution over an extended submaximal exercise bout 
takes on a characteristic profile. Generally, as lower intensity exercise 
continues over a long period (i.e., greater than 30 min), the fat contri- 
bution increases while the CHO contribution decreases (Benadé et al., 
197) Cirandola and Katchle 19/6) Pirnay et als, 5199/7). this is true tor 
intensities where the inhibition to fat mobilization does not exceed its 


stimulation; usually not greater than 70% VO, max (Pructt,) 2970). 


2 
The means of physical warm-up may alter the substrate profile. 
Borysyk (1977) compared two modes of warm-up - exercise at 407% VO,max 
Ci and sauna (T.) - with no warm-up (T.)- The results showed elevated 
lactate Levels under T, and To conditions, suggesting a greater CHO 
contribution in the absence of an exercise (I) warm-up. 
The recovery phase also presents some interesting characteristics. 


Pruett (1970), using well trained males, found plasma free fatty acids 


(FFA) to be elevated several hours after a near maximal exercise bout. 
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During the actual exercise plasma FFA levels were depressed, as expected, 
but rose dramatically at the onset of recovery. Also, a significant 
plasma FFA a-v difference was noted indicating fat utilization in 
recovery. Farley and Hamley (1977) have reported that the respiratory 
quotient (RQ) remains low after exercise, further suggesting fat utiliza- 
tion during recovery. 

Other factors may also change this profile. Carbohydrate ingestion 
during exercise will cause, after a latency period of about 10 minutes, 
increases in blood glucose, insulin and pyruvate (Benadé et B10 21971? 
Benadé et al., 1973a; Girandola and Katch, 1976; Pirnay et al., 1977). 
These findings suggest a relatively greater CHO contribution, a suggestion 
verified by Benadé and co-workers (1973a) observations of an increased 
RQ following sucrose ingestion. Also, subjects ingesting sucrose in 
recovery display drastic declines in plasma FFA levels (Pruett, 1970). 

Diet may have profound effects on the substrate contribution profile 
as measured by RQ. Increasing the dietary content of fats or CHO wilt 
cause a concomitant rise in the energy contribution of that substrate in 
exercise (Issekutz et al., 1963; Bergstrom et al., 1967; Maughan et al., 
1978); however Issekutz and co-workers (1963) suggested that the CHO 
content had the greatest effect on the RQ value. Also, the higher the 
dietary fat content, the sooner the onset of exhaustion; a situation 


reversed by CHO feeding (Bergstrom et al., 1967; Brooke and Green, 1975). 


1. Fat mobilization 

Fats are stored as triglycerides (TG) both in adipose tissue and 
within the muscle itself (Gollnick, 1978). The release of endogenous TG 
for muscle use is a simple mass action effect, with the oxidative fibers 


(Type I) having greater TG stores (Essen, 1978). However, the mobilization 
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of fatty acids (FA) from adipocytes to blood borne FFA constitutes 
several steps. 

The mobilization of FFA (lipolysis) is principally mediated by a 
hormone-sensitive lipase (HSL) reaction. The process is initiated when 
a given hormone attaches to the receptor site on the adipocyte. Near 
the site adenylate cyclase is activated to produce c-AMP, which in turn 
activates a protein kinase that converts the inactive lipase to the 
active form (Steinberg, 1976). There are, in fact, three lipases, each 
necessary to break TG down to glycerol and three FA (Steinberg, 1976). 

Once the FA is released from the stored TG it moves across the 
membrane to be bound to circulating albumin; the uptake of FA by albumin 
being dependent on albumin concentration (Spector and Fletcher, 1978). 
The FA (now called FFA) is carried by albumin to the target cell where 
it is released, again down a concentration gradient into the cell (Pande, 
1971). Fatty substances are also circulating in the esterfied form, such 
as lipoprotein complexes and chylomicrons. The energy contribution from 
these sources is thought to be low (Mackie et al., 1980). 

While the FFA may pass through the cellular membrane passively, the 
molecule must be actively moved into the mitochondria. This requires a 
FFA shuttle in the presence of ATP, thiokinase and carnitine (Pande, 1971). 
Once in the mitochondria the FFA is in the acetyl-CoA form in which it 
enters the @ -oxidation process. This process removes acetyl-CoA groups 


which ultimately enter Krebs' cycle for the production of ATP. 


2. Factors controlling fat mobilization and oxidation 
At the adipocyte several factors control the mobilization of FFA. 
The principal means of mobilization is via the HSL system. Although 


many hormones have been identified that stimulate lipolysis, of particular 
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interest to exercise is the epinephrine and nonepinephrine effect. These 
catecholamines cause a sudden acceleration in lipolysis (Fain et al., 
1978) that may be 10 - 15 times basal rate under highly stressful 
conditions (Guyton, 1976). Although the mechanisms are not clear, Burns 
and co-workers (1975) have suggested that the hormones act at the 
adenylate cyclase level. Sympathetic nerve endings also release 
catecholamines (Ganong, 1979) and these terminals are present in adipose 
tissue (Newsholme and Start, 1976). Sembrowich and co-workers (1974) 
monitored rat lipolysis during exercise under surgical adrenomedullectomy, 
chemical sympathectomy, or a combination of both. They found that 
lipolytic stimulation from the adrenals and the adrenergic nerves were 
additive, with the nervous influence being the predominate factor. It 
was also noted that total removal of the adrenergic system did not 
completely stop exercise-induced lipolysis, suggesting some other factor 
contributes to lipolysis. The mass action effect due to available 
albumin (Spector and Fletcher, 1978) may be a contributor. 

Other hormones have been identified as lipolytic agents. These 
include thyroid hormones (TH), growth hormone (GH), glucocorticoids (GC), 
cortisol and adrenocorticotropic hormone (ACTH). The TH, GH and GC appear 
to have a direct effect on lipolysis while ACTH and cortisol effects are 
mediated through GC production (Tharp, 1975). These hormones chronically 
raise lipolysis activity as opposed to the more acute catecholamine effect 
(Fain et al., 1978). The final hormone of importance is insulin, which 
has antilipolytic effects. Insulin promotes the movement of glucose into 
the cell where it is synthesized to Q- glycerophosphate which in turn 
binds with intracellular FA to form TG (Gollnick and King, 1969). Insulin 
also stimulates LPL release from capillary endothelial cells (Pruett, 


1970) which will promote fat storage. Finally, the hormone has been shown 
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to inhibit adipocytic c-AMP (Froesch, 1967), thus reducing lipolysis. 

Another important regulating factor at the adipocyte is the apparent 
inhibition of lipolysis by lactate (Boyd et al., 1974; Gollnick and King, 
1973; Havel et al.”, 1967; “Holloszy, ©973;"Paul and Holmes, 1975: Pruett, 
1970; Wenger and Reed, 1976). Two of these groups (Gollnick and King, 
1973; Paul and Holmes, 1975) further suggested that lactate may stimulate 
fat storage via &- glycerophosphate production. Havel and co-workers 
(1967) believe that the inhibition occurs at the c-AMP level. Therefore, 
these are two regulatory systems operating on the lipolysis reaction 
during exercise. Lipolysis is enhanced by a mass action effect plus 
catecholamine stimulation while the process is retarded by lactate 
accumulation. Pruett (1970) has suggested that at 70-80% of VO,max 
optimum FFA mobilization occurs, although she was dealing with highly 
trained endurance athletes. 

In the muscle cell itself the fat used for energy production is 
dependent on many factors. In the FFA shuttle system to the mitochondria, 
the shuttle enzyme thiokinase is more active in oxidative fibers (Pande, 
1971), probably due to higher mitochondrial density. The enzyme is also 
sensitive to energy charge and high concentrations of ADP and acyl-CoA, 
products of the shuttle system (Pande, 1971). Once inside the mitochondria, 
the 8 -oxidation process also displays rate-limiting steps. These occur 
with the varying re-dox nucleotide ratios which are oxygen supply sensitive 
(Hochachka, 1977). Thus, oxygen deficiency may reduce the efficiency of 
the shuttle. A buildup of anaerobic by-products (such as ADP, Ht, etc.) 
may also shift the energy charge unfavourably for thiokinase activity. 

The regulation mechanisms in Krebs' cycle involve interaction with 
glucose metabolism. Fat oxidation will tend to have a glucose sparing 


effect (Armstrong, 1976; Essen, 1978; Newsholme, 1978; Wenger and Reed, 


wiiioutse qha-vusset mtd barieggue zodiac) (2TeE yawned Bt 
eomw-ds bre Tae)  saoPionberg 92 diendinteouhe. eee a 
eovotaaad? «Tevet Ts) ath 5 Brest nvtotethrinh eat” ere 
qabvnnes, eheefeg ht 062, to galserequ amise es Gpielanias ino re oa | 
wkq s40'te folinn ata wi yt de baw 42 alaganet Suisree ynieeh 
Sieteal Yd abinter aPeseserg oly ol iow aobgatemire stant nw tag, 
samo Wo TORO te alee BSuAAee oes (OTE). Hashes |. poetaliiaaasa” 
eidght dda aoflaet mecieie igiudat, ssrce ye Penn Aim AON ata | 
bgdabdie oonsutew Geekery’ : 
a) nulsantom eqarecs sot bed 16 ot ttyl? Time sfsane ade at ° 
misteodresip edd i wateye Aliaite A9%.¢42 5) «thot wanrao maheeqeh 
sthaat) exetht nvieedtes ef 4V dew 2140 4: suotionts) wane abetode ote) 
ests a) sircend oct <estareb Tainbitodedtic agit of «nb biog I 
aeteon bap AWA Torerotdexsnocne: att bey guts qa os sebabaaee 


ssistuntisos Le gly ebien! suot GENEL aboa ovcyy militate eds ts eteubeme 
glipca caedT «gate griviall-osen-ayalyei) cafn apeotiig 180s had oS i 
dy'tthe. 20296: el)Dosicu solder sage ela dade 


Qdatire sits aouhe Dirk epee wags oul! | <Ttef subiadesgel} — 
. iplareninaeni (Shier ahe 19 Gated A. yatsade glia 9 


1976). This means that if energy metabolism is directed through the fat 
oxidative pathway, rather than the glycolytic pathway, the consequence of 
the fatty acid oxidation will be to further inhibit glucose utilization. 
This is accomplished via two main inhibitory mechanisms on glycolysis. 
High concentrations if citrate, a Krebs’ cycle by-product, will inhibit 
phosphofructokinase (PFK) (Newsholme, 19/8). PEK i sea cate ylimitineg 
enzyme in glycolysis. The other factor is that high acetyl-CoA/CoA ratios 
inhibit pyruvate oxidation (Wenger and Reed, 1976), again slowing aerobic 
glycolysis. This glycose sparing effect may be reduced as work intensi- 
ties increase and the fat oxidative system is not able to meet the 

energy demands. In this situation, PFK activating substances (low energy 
charge, P.> NH,”) will accumulate, causing an increased flux through 
glycolysis (Newsholme, 1978). With the falling energy charge also 
reducing thiokinase activity, and increased lactate lowering fat mobiliza- 


tion, acetyl CoA/CoA ratios might be expected to fall, thereby removing 


its inhibition on pyruvate oxidation and further promoting glycolysis. 


3. Training effects 

Recent work has been done on the effect of training on rat lipolysis. 
In general, endurance training has shown increases in epinephrine stimulated 
lipolysis (ESL) in vitro (Askew et al., 1975; Howle and Barnard, 1976; 
Askew and Hecker, 1976; Owens et al., 1977). However, the exact mechanism 
has not been determined (Askew et al., 1975). Earlier studies had not 
controlled for the change in adipocyte size observed with training, 
although later work (i.e., Askew and Hecker, 1976) estimated ESL relative 
to cell size and still found significant training effects. Investigations 
of the lipolytic mechanisms have thus far found no changes. Several 


authors (McGarr et al., 1976; Shephard et al., 1977; Oscai, 1979) have found 
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no increase in HSL with training, although HSL activity remains elevated 
after chronic (McGarr et al., 1976) and acute exercise (Oscai, 1979). A 
group of investigators (Oscai et al., 1981; Palmer et al., 1981) recently 
examined the training effect on HSL precursors. They found increased 
c-AMP activity but decreased protein kinase concentrations with no change 
in HSL activity. They concluded that training does not enhance lipolysis, 
suggesting that some other mechanism is responsible for the observed ESL 
training effect in rats. However, this conclusion is not supported by 
Shepherd and co-workers (1981) who state that training does enhance 
lipolysis. Their reasoning is that the HSL precursors may not be the 
sole controlling point of HSL, and subsequently lipolysis. They further 
proposed the presence of a c-AMP independent protein kinase as suggested 
elsewhere (Schlender and Reimann, 1975) as well as an altered HSL 
sensitivity due to training. More work will be needed in this area to 
elucidate these differences of opinion. 

Considerable work has been done investigating the effects of endurance 
training on muscle cell metabolism. Generally, endurance training will 
enhance selective fat metabolism enzymes associated with transport and 
cyclic oxidation (Bengi et al., 1975; Gollnick and King, 1969; Holloszy, 
1973; Holloszy, 1975; Molé et al., 1971). Trained individuals also display 
lower absolute lactate levels at equal workloads (Astrand and Rodahl, 1977; 
Bransford and Howley, 1979). Coupled with cardiovascular adaptations 
(Astrand and Rodah1, 1977), these metabolic/enzymatic adaptations will 
enhance a trained individual's aerobic capacity. This will result in 
greater utilization of fat as a fuel. 

Research into the training effects on resting and sub-maximal plasma 
FFA have revealed lower plasma FFA levels in trained rats (Winder et al., 


1975) and humans (Johnson and Walton, 1972; Johnson et al., 1969; Bransford 
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and Howley, 1979; Wirth et al., 1979). The explanation for such findings 
are either reduced mobilization or enhanced uptake and oxidation. In 
view of the previous discussion on training-stimulated ESL and enhanced 
cardiovascular and cellular aerobic capacity, it would appear that the 
latter explanation is more likely. As further evidence, Wirth and co- 
workers (1979) agree with this alternative; citing their finding that, 
while training decreased plasma FFA, plasma glycerol remained unchanged. 
Also Girandola and Katch (1976) reported that training lowered submaximal 


RQ, indicating greater fat oxidation. 


4. Anaerobic threshold 
The onset of anaerobic metabolism is significant to substrate 
contribution because of lactate production Bae fuel shifts. In the last 
ten years considerable work has been done in measuring and explaining the 
onset of anaerobiosis. By definition, the anaerobic threshold (AnT) is 
the "... level of work or 0, consumption just below that at which meta- 
bolic acidosis and associated changes in gas exchange occur" (Wasserman, 
et al., 1973). Metabolic acidosis is imperically defined as lactic acid 
production of greater than 4 mmoles/1 (Kinderman et al., 1979) while 
2% Feo? 2 


and McLellan, 1980). The R value has been found to be unreliable as a 


changed gas exchange values include rhe vco FCO and R (Skinner 
threshold indicator (Davis et al., 1976). 

Recently Skinner and McLellan (1980) presented an aerobic-anaerobic 
transition model based on the results found in the literature. In 
particular, these authors noted that reported anaerobic thresholds range 
from 40-80% of VO,max. Under closer examination it was suggested that 


two transitions or thresholds occur; the first in the 40-60% range and 


the second in the 60-80% range. These were named the aerobic (AerT) 
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and anaerobic threshold (AnT), respectively. The AerT is defined by a 

minimum F 9, value and discontinuous increases in V and VCO, plus a rise 
e 

in blood lactate levels to about 2 mmoles/1. The AnT is signalled by a 


maximum zCO value, a further discontinuous increase in V_ and blood 
e 


2 
lactate levels of 4 mmoles/1. The occurrence of two thresholds necessi- 
tates the formation of three phases known, respectively, as Phase I, II 
and III. As the individual works through these phases, Skinner and 
McLellan (1980) suggest that the fuel source shifts from primarily fats 
in Phase 1 to primarily CHO in Phase ITI. 

The hypothetical model developed by Skinner and McLellan (1980) is 
meaningful in light of earlier work. Some rer eee studies (i.e., Weltman 


et al., 1978) reported anaerobic thresholds of approximately 50% VO,max 


Z 
while others (i.e., Kinderman et al., 1979) report thresholds of 80% 

VO, max. When the Skinner-McLennan two-threshold model is applied to these 
data the results are more easily explained. 

Davis and co-workers (1976) investigated the inter-correlations 
between the various threshold indices. They were able to show a strong 
relationship between gas exchange parameters and the more objective 
criteria of blood lactate (r = .95). The test-retest results were not as 
high (r “.75) although others (Davis et al., 1979) obtained correlations 
cap eG i ent 

Anaerobic threshold appears to respond to a training stimulus. Davis 
and co-workers (1979) were able to show absolute increases of 447 and 
relative (to VO,max) increases of 15%. It has also been noted that 
max values may perform quite differently 


Z, 
(Costill et al., 1973) and that an athlete may reach a peak VO,max yet 


endurance athletes with similar VO 


still continue to improve performance times (Astrand and Rodahl, 1977, 


p- 413). These observations may be explained in part by a training- 
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dependent threshold, Individuals with a higher threshold would 
be expected to utilize more fat at a given relative workload 
(Davis et al., 1979; Stamford et al., 1978; Weltman et al., 1978) and 


expend less total energy (Weltman et al., 1978). 


Use of Respiratory Measures in Determining Substrate Contribution 


1. Historical background 
Perhaps the earliest related experiments were conducted by Lavoiser 


when he noted that any volume of O, combined with carbon produced the 


2 


same volume of CO,- However, he also found that the volume of inspired 


0, was greater than the volume of expired CO 


0, must have been used to oxidize hydrogen to water (Lusk, 1928). This 


ratio of gases expired to inspired was called the respiratory quotient 


9? concluding that the excess 


or RQ (Pfluger as reported by Lusk, 1928). Regnault and Reiset in 1849 
were the first to demonstrate that the RQ was dependent on diet (Lusk, 
1928). These experiments were done on fowl and dogs. By the late 1800's 
and early 1900's investigators were gathering data to fomnulate tables 
based on the RQ. It was known at this time that three main foodstuffs 
contribute to energy generation - proteins, fats and carbohydrates - and 
that the RQ is indicative of the relative combustion of these fuels. As 
the contribution of protein was small and could be estimated from fecal 
and urinary excretion, the RQ tables became non-protein RQ tables by sub- 
tracting out the protein contribution (usually via urinary analysis) from 
the total measured co, production. The first such table was produced by 
Zuntz and Schumburg (1901). This table was standard until 1924 when Lusk 
published slightly corrected values. The Zuntz-Schumburg-Lusk tables 
were shown to be erroneous by Cathcart and Cuthbertson in 1931. These 


authors pointed out that the earlier work had been based on in vitro 
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studies of adipose tissue while blood, muscle, and liver lipids had been 
ignored. Having made the necessary corrections, these tables have been 
standard since that time. It must be noted that the revisions to these 
tables have resulted in relatively minor changes, such that preferential 
use of the Zuntz-Schumburg-Lusk or Cathcart-Cuthbertson tables makes 
little difference. 

Several attempts have also been made to estimate other physiological 
phenomena from the RQ. In the early 1960's Issekutz and co-workers did a 
series of experiments measuring respiratory factors. Issekutz et al. 
(1962) attempted to assess aerobic work capacity with the RQ. Using a 
modified RQ the authors found the measure a reasonably good predictor of 
aerobic power, especially at RQ values greater than unity. However, the 
advantage of using R values instead of oxygen uptake was not explained. 
Issekutz and Rodahl (1961) also investigated the RQ under short, high 
intensity work to exhaustion. They concluded that the RQ may indicate 
the percentile participation of the anaerobic glycolysis system as, 


under these conditions, the measure is dependent on O, supply and blood 


Z 
acid levels. Finally, Wasserman et al. (1973) evaluated the RQ as an 
indicator of anaerobic threshold. However, they concluded the measure 

to be the least sensitive of all the threshold determination indicators. 
It appears that the measurement of the RQ is best suited for calorific 
investigations. 

More recently the term respiratory exchange ratio (RER), rather than 
the RQ, has been used as the measure of the ratio of expired co, to 
inspired 0, at the mouth. This review will not attempt to settle this 
difference. As a compromise the initial 'R'’ will be referred to as the 


measure used to determine substrate utilization. This application has 


been used in the recent literature (i.e., Bursztein et al., 1980). 
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2. Procedures, validation, and results 

As has already been discussed, the basic procedures have been with 
us for many decades. After Cathcart and Cuthbertson (1931) established 
their standard tables, Weir (1949) published a technique to determine 
the non-protein R without urinary protein analysis. He was able to show 
that the error due to protein, while significant, is relatively constant 
under conditions of stable diet. The estimate was that approximately 
12.5% of total energy expenditure can be related to protein, Thus, by 
introducing a mathematical constant in place of urinary analysis, Weir 
has simplified the technique. Kleiber (1965), however, states that 
while Weir's formula might simplify the procedure it does not add to 
the knowledge of the metabolic processes, 

Consolazio et al. (1963) present a format for the determination of 
protein, fat, and CHO catabolized. This procedure requires the determmina- 
tion of the non-protein R via urinary analysis. These same authors 
discussed Weir's method at length; including comparing it to conventional 
methods. It was suggested that if corrections were made for an individual's 
daily protein intake, the "... Weir formula ... makes no significant change 
in kilocalorie expenditure" (p. 324). From this point the non-protein R 
can be computed and substrate contribution determined. It must be noted 
that the above procedures are usually employed at rest. It can be seen 
that substrate contribution can be quite accurately determined at rest 
but exercising results in shifts in respiratory functions, particularly 
the expired CcO,- 

With the onset of anaerobiosis there will be seen a concomitant 
increase in blood lactate (Astrand and Rodahl, 1977). This buildup will 
require buffering to maintain blood pH. The results of this buffering 


action will be an excessive production of blood CO,, subsequently being 
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"blown off' at the lungs. Such excess co, would confound R and mask the 
substrate effect on the measure, Thus, respiratory substrate studies 
cannot be done reliably at intensities which might elicit this excess 
CO, Several researchers have pointed this out (Garby and Lammert, 1977; 
Issekutz et al., 1963; Issekutz et al., 1964). Christensen and Hansen 
(1939a) suggested that the R measure is valid at high but not maximal 
work levels after 10-15 minutes. 

Many authors have used R to estimate substrate utilization during 
exercise in humans (Brooke and Green,: 1975; Garby and Lammert, 1977; 
Hermansen et al., 1967; Issekutz et al., 1963; Pirnay et al., 1977; Young 
et al., 1967). Benadé and co-workers (1971, 1973a,b) did a series of 
studies investigating substrate utilization during heavy physical work 
while Bursztein et al. (1980) used R to determine the metabolic state of 
eritically ill patients. All the exercise studies reported here used 
non-protein R's with two groups measuring urinary protein (Issekutz et al., 
1963; Pirnay et al., 1977) while the other groups did not. In the latter 
case protein excretion is assumed to be a constant, approximately 0.5 g/hr 
(Young et al., 1967), and the corresponding non-protein R determinations 
are made. 

As respiratory measures are indirect indicators of substrate utiliza- 
tion, it is necessary to validate these measures against more direct 
methods. Consolazio et al. (1963) noted that early experiments showed 
that indirect calorimetry was in good agreement with direct methods in 
determining energy expenditure. With respect to the types of fuels 
expended, many investigators have found significant correlations between 
substrate depletion and R using biopsy analysis (Ahlborg et al., L9675 


Bergstrom et al., 1967; Bergstrom et al., 1969; Hermansen et al, 1967). 


Benade et al. (1973)b induced labelled carbon in the diet and 
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found a good correlation between substrate contribution 


as measured by R and labelled CO These authors also addressed them- 


2° 
selves to the question of whether the shifts seen in R are related to 
substrate metabolism or some confounding substance (i.e., insulin). The 
conclusion was that the changes are associated with shifts in the 
glycolysis/fat oxidative eetitentdnd that R is a valid measure of the 
conversion of pyruvate to CO, under submaximal conditions. Studies have 
been conducted based upon these and the biopsy conclusions. Benadé et 

al. (1971) studied substrate utilization over 6 hours based on these 
premises. Girandola and Katch (1976) state that they "... believe steady- 
state R values are a reliable estimate of fuel utilization" (p. 123). 
Finally, Turell and Alexander (1964) compared three methods of metabolic 
rate determination: Weir's formula, Zuntz-Schumburg-Lusk tables, and 
Cathcart and Cuthbertson tables. They found that all three methods were 
within 1% of each other. Their conclusions were that any of these methods 
are valid in the resting or steady-state condition. It appears that 
respiratory measures, when used under the proper conditions and observing 


the necessary correction factors, are a valid method for estimation of 


substrate utilization. 


3. Protein utilization 

As protein constitutes one of the three major foodstuffs, it is 
necessary to discuss its role in the measurement of substrate utilization. 
The literature shows that there is no consensus on the importance of 
protein as a fuel in light exercise. For example, Castenfors and Piscator 
(1967) report slight but non-significant rises in urinary protein with light 
exercise. Margaria and Foa (1939) suggested that protein plays a non- 


essential role while Bursztein et al. (1977) state that error in not 
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measuring protein decreases with increasing metabolic rate. Neverthe- 
less, Lemon and Mullin (1980), in studying protein excretion via blood 
and sweat as well as urine, concluded that "... protein is utilized to 
a greater extent than realized" (p. 624). 

The usual method of protein determination for non-protein R values, 
as has already been mentioned, is with urinary urea analysis. Such 
procedures are thoroughly described in Kleiber (1965) and Consolazio et 
al. (1963). The procedure is to determine the amount of urea nitrogen 
(gms) produced and multiply this figure by 6.25 (the computed gram 
equivalent) to obtain the amount of protein utilized. As this figure is 
expressed in grams, the gram equivalent contributions of fats and CHO 
are also computed - resulting in a percentile contribution of all three 
substances. 

The above procedures have been used by several investigators (Brooke 
and Green, 1975; Bursztein et al., 1980; Issekutz et al., 1963; Pirnay et 
al., 1977). Pirnay and co-workers reported that protein provides 1-2% 
of the energy expended in submaximal treadmill work, while the other 
investigators did not even report protein percentiles. Young et al. 
(1967) went one step further and assumed a constant urinary Ny excretion 
rate. Thus, to this point it appears that protein does assume the non- 
essential role as stated by Margaria and Foa (1939). However, the recent 
work of Lemon and Mullin (1980) does not support this assumption. In 
measuring urea excretion rates in serum, sweat and urine in one hour of 
60% VO,max work under conditions of CHO loading and depletion. These 
authors found that protein contributed 10.4% of the energy expended under 
the CHO depleted condition. While an increase in protein contribution 
was also seen under the CHO loaded condition, the contribution was not 


nearly so high. Lemon and Mullin suggest that protein catabolism values 


it 


pailh pee = 
a Lae Sa £ hatiebonn’s, lekaaieieit 


mon a caandae® 
smelay I ntsierq-por so) nekninie «55 otonmeg tot 
iwi eas Seale! vid ila 13 a) anita ialaalial 
o obnalwenod bah dasvn’ sedis? a Pai ws uma bee eemehepeng | 
nagastia wang {0 Wyle abt py tan ceb! a2 2 et oeRg aT «ACARD ole: 
mers Uarddaot Shoda! wright atts vigkelad a 

ek sooylt et) eA -Rosthtsp nisin, ts 1200 vei ale oF f ' 
0 Gets sat te edahhetespoy devleve y+ oop gt" aig tangas 
vad) Ifn % woltoditetes efisrets) ¢ ct wi ctuets = beneques acle ome 
easing 
gHeorh) miutagizamat Iwrevey eh tow) num sat meehecgoe eves mPa: ao . 
ry caeekt 7E0G! tw sa saugdan™ Rael ,.Ja so wieteere),. 7200) «eet Ga 
Sie aubtvonq stbwerrg 424) ba sFino3 tuft os oe gore = (NE ete 
weaktg of8 affly tree Lf kong? Sooleer’-> «) tetas qeeew ep eet - 


7 2 


Le Jo auu0t Agtionnonea Rt Pre wore 36 OP crsteghrenmnk a 
ondranis of qaakrs sama agen Sear). tor sim qale. dem ante CME Te 
“en at seth agus aistoaq 26de crews 71 iotog aldy oa ant ae " 
meses a) pisvedel) .CeCUT) a6 Ban chragie vi Setede we Show seagoecee & 
ot . weldqmeds eit) stapqwe son enon (0871) o EL ind eel doe 
sow a0 oi wily bux Sibi gure) cl eats: oof iin espe whine, 
eanitt madsateas bus gidtiat Hits ty nateinns getine dey exe 
ie: Meahenarpc genni att PROP taser mes (agian aad teeth exe 


19 


may be underestimated due to three main reasons: 
a) urea N, does not account for 100% of the protein catabolized 
(only 80-90%) 
b) 15-30% of the urea is hydrolysed in the alimentary tract 
c) urea excretion may remain above resting levels for up to 4 hours 


at the end of exercise. 


4. Limitations 

As with any biological measure, there are certain limitations that 
must be observed so that a true measure might be obtained. Such is the 
case with respiratory measures for determining substrate utilization. 
Consolazio and co-authors (1963) have outlined some of these. The 
first and most important point is to be sure that R is truly representative 
of the combustion mixture. This is not possible under the conditions of 
acidosis or alkalosis, which can occur during non-steady-state exercise. 
Acidosis is a particular problem with the onset of anaerobiosis. For 
this reason exercise intensity should be maintained below about 50% of 
VO,max, which is approximately the point at which blood lactate levels 
begin to increase (Astrand and Rodahl, 1977), although this can vary due 
to individual differences. This is verified by Issekutz and Rodahl (1961) 
in stating that the R measure can only be used in metabolic studies if 
blood co, and lactate have reached steady-states, usually after 10-30 
minutes, depending on the type of work. The other major limitation, as 
mentioned earlier, is diet. Strict control of pre-test diet is essential; 


usually accomplished by a prescribed diet and/or 12 hour fast prior to 


testing (Consolazio et al., 1963). 
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CHAPTER III 


METHODOLOGY 


Subjects 


Twelve healthy males between the ages of 18 and 28 years (x = 23.3) 
volunteered to participate in the study. Subjects completed a PAR-Q 
and informed consent form (Appendices A and B, respectively) prior to 
testing. All subjects attended an orientation session, followed by a 
submaximal ergometer screening test for those with little experience in 
strenuous exercise (9 of 12). A maximal oxygen uptake test on the 
ergometer followed. A minimum of 3 days elapsed before the actual test- 
ing commenced. Four testing sessions were done in which each subject 
exercised at 30, 40, 50 and 60% of his Vo,max. Participants were 
requested to maintain their regular activity pattern and diet throughout 
the testing period. 

Subjects were selected to elicit either a high aerobic power (i.e., 

> 50 ml 0,/kg/min) or lower aerobic power (i.e., ¢ 45 ml 0,/kg/min). 
The group with the higher value (x = 50.5 ml/kg/min) was designated 


trained (T) while the lower value group (x = 42.1 ml/kg/min) was 


designated untrained (UNT). Both groups had 6 subjects. 


Procedures 


The following measures were taken and recorded. Raw data appears 
under Appendix J. 

- recent physical activity 

- body weight (kg) 

- resting blood pressure (mmHg) 

- submaximal predictive test (ml/kg/min) 

- VO,max (m1/kg/min), HRmax (BPM) 


- anaerobic and aerobic thresholds (7ZVOjmax) 
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- VO, during rest, submaximal exercise and recovery (l/min, STPD) 
- VCO, during rest, submaximal exercise and recovery (l/min, STPD) 
- HR during rest, submaximal exercise and recovery (BPM) 

- venous blood lactate levels (mg %) 

- urine urea nitrogen (g/hr) 


- % body fat 


=, carbohydrate intake 


- % fat intake 
- % protein intake 
Recent physical activity 

Subjects were asked to outline their regular physical activity 
over the past 1-2 years. 
Body weight 

Body weight was measured at the first testing session and 
recorded to the nearest 0.1 kg. 
Resting blood pressure 

Those subjects that stated that they were not used to vigorous 
physical exercise (9 of 12 subjects) had their resting blood pressure 
recorded, Participants with blood pressures greater than 150 mmHg 
systolic or 100 mmHg diastolic were to be excluded from the study. No 
subjects were excluded. 
Submaximal predictive test 

Subjects classified as inactive completed a submaximal predictive 
test. An Astrand-Rhyming (1954) six minute ergometer test was 
administered. Heart rate was measured at the end of each minute via 
a bi-polar cardiotachometer. Working at a constant rate of 60 RPM, 
workload was adjusted to elicit a heart rate between 125 and 170. 


Blood pressure was monitored each minute. 
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VO,max 

A modified continuous incremental test, using a constant work- 
load bicycle ergometer, was administered (Astrand and Rodahl, 1977). 
Rather than pedalling at 60 RPM, subjects selected their own rate; 
usually between 70 and 80 RPM. The intensity started at between 
200 and 500 kpm/min, depending upon the training background and size 
of the subject. Workload was increased by 100 kpm/min approximately 
every minute, with the entire test lasting not more than 15 minutes. 
Heart rate was recorded every 30 seconds via a bi-polar cardiotach- 
ometer (Cardionics). 

Maximum oxygen uptake (Vo, max) was determined by an automated 
respiratory gas analysis apparatus (Metabolic Measurement Cart [mmc] , 
Beckman Instruments). This system contains an OM-11 oxygen analyzer 
and a LB-2 carbon dioxide analyzer, as well as volume, temperature 
and pressure transducers, Data from these sensors and transducers 
were transmitted into the computer memory and transferred to the 
calculator for tabulation. During the VO,max test expired gas samples 
were analyzed every 30 seconds. These included expired volume Os 
BTPS, 1/min), fraction of expired 0, and co, (F 0,5 F CO,); respiratory 
exchange ratio (R), and oxygen consumption (VO, STPD, 1/min or 
ml/kg‘min). These calculations appear in Appendix C. The metabolic 
cart was calibrated prior to each testing session. 

The VO ,max value was determined by taking the highest value 
recorded. Subjects were verbally encouraged to continue until 
exhaustion. Two subjects displayed a leveling off of vO, while all 


others showed distinctive increments in their last measure. Thus, 


the highest value usually corresponded to the last value obtained, 


HRmax 


Heart rate was recorded when the expired gases were recorded; 
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every 30 seconds of the Vo, max test. HRmax was the highest attained 
heart rate, usually during the last 30 seconds of exercise. 
Aerobic and anaerobic thresholds 

Aerobic (AerT) and anaerobic (AnT) thresholds were determined 
graphically (Skinner and McLellan, 1980) from the data obtained during 
the VO,max test. Expired volume (V.), VCO and F.0 were 


2 2 


plotted against time. The AerT was defined as the disproportional 


5 19 (Go 
2 Cee: 


increase in VCO, 5 the minimum LS, value and the first disproportional 
increase in Vos The AnT was defined as the maximum eo value and 
the second disproportional increase in Was Threshold values deter- 
mined by the various indices were averaged to give the reported AerT 
and Ant. 
vO, and VCO, during rest and submaximal exercise 

These values were generated by the MMC and expressed in litres 
per minute, STPD (see Appendix C). Resting and warm-up values were 
taken every minute and exercise and recovery values every 2 minutes. 
During rest the subject was asked to sit quietly with his eyes closed 
for 5 minutes or until 5 minutes of steady state was achieved. 
HR during rest and submaximal exercise 

Heart rate was monitored via bi-polar chest leads. Recordings 
were taken whenever the MMC measured an accumulated sample. Heart 


rate was averaged as follows: 


- 5 minutes of rest 


10 minutes of warm-up 


last 30 minutes of exercise 


- first 10 minutes of recovery 


last 20 minutes of recovery 
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Venous lactate levels 

Venous blood samples were taken from the anticubital vein. The 
sample was de-proteinated with 4% perchloric acid at 49°C. The de- 
proteinated sample was then stored at 4°C for no more than 90 minutes, 
at which time it was centrifuged at 3000 g's for 10 minutes. The 
supernatant was pipetted off and frozen at -57°C for later analysis. 
Analysis was done with the Sigma Chemical Co. (St. Louis, Missouri) 
Pyruvic Acid and Lactic Acid kit, which is based on a reversible 
enzymatic reaction (Henry, 1968). See Appendix E for details. 

Samples were taken at rest, following 40 minutes of exercise 
and following 30 minutes of recovery. Approximately 3 mls of blood 
was taken at each sampling. Due to technical difficulties, blood 
sampling was not always successful. Subsequently not all lactate 
values were available. 
Urine urea N 


2 


Protein catabolism was detemnined from urine urea Ny levels 
and urine volume. Subjects were asked to void just prior to testing 
and immediately after recovery to provide an exercise urine sample. 
The void time and sample time were recorded. Three hundred millilitres 
of water was given prior to testing to assure a urine sample. The 
volume of this sample was measured and a 5 ml portion was frozen at 
-57°C for later analysis. Pilot analysis of frozen and fresh samples 
showed no difference, so all samples were frozen. Urea N, detemina- 
tion was done with the Sigma Chemical Co. (St. Louis, Missouri) Urine 
Urea Nitrogen kit. The procedure is based on the methods described 
by Fawcett and Scott (1960) and by Chaney and Marbach (1962); a 


chromogenic reaction between ammonia and phenol in the presence of 


sodium nitroprusside (see Appendix F). 
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Percent body fat was determined by the underwater weighing 
technique as described by Sloan (1962). A modified fomnula (Brozek 
et al., 1973) was used in the calculation (Appendix G). 
13. Percent carbohydrate, fat and protein intake 
Subjects were asked to complete a computer-coded dietary record 
(Action, B,C., Vancouver, B.C.) for the day prior to testing. The 
daily diet was broken down into the percent contributions of the 


three main foodstuffs. Appendix H shows a sample printout. 


Experimental Schedule 


The following is a sample schedule of the routine followed for each 

testing session: 

- the subject reported to the lab in the fasted state (at least 10 hours) 

- the subject voided 

- 300 ml of water was given 

- resting blood sample was taken and fixed 

- MMC calibration 

- resting respiratory values were taken. The subject sat on the ergometer 
for at least 5 minutes while HR and respiratory values (i.e., VO, ; R) 
leveled off 

- MMC calibration 

- 10 minutes of warm-up exercise. Workload was adjusted to elicit 30% 
VO,max 

- MMC calibration 


- 40 minutes of exercise. Workload was adjusted to elicit either 30, 40, 


50 or 607, VO,max 


- MMC calibration 
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- exercise blood sample was taken and fixed. The sample was taken 2 
minutes post-exercise 
- 30 minutes recovery. The subject sat quietly, usually reading 
- recovery blood sample was taken and fixed 
- urine sample was obtained 
The testing order of each eerie intensity was randomized for each 
subject. During the ergometer work the subject was allowed to pedal at 


any cadence he chose. Most subjects pedalled at approximately 70-75 RPM. 
Calculations 


The dependent variable in this study is an adjusted non-protein R 
(npR'). This measure is obtained for each phase by: 


- determining npR with the vO 5 Vco, and urea AG measures for each 


2 
phase 

- adjusting all npR values from a given session so that resting 

npR = 0.83. The result of this adjustment is a npR' value for 
each phase of each session. 
A sample calcuation is given in Appendix I. 

The adjustment to npR’ values is made for two reasons. Firstly, rest- 
ing R values as measured by the MMC were constantly and significantly higher 
than the reported range of 0.82 - 0.84 (Astrand and Rodahl, 1977; Ganong, 
1979). By making the adjustment the values fall within a more acceptable 
physiological range. Secondly, by adjusting all resting npR values to 


0.83 all subjects shared a common baseline, thus making any changes observed 


as a result of treatments more apparent. 
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Statistical Analysis 


A 4 x 3 x 2 ANOVA with repeated measures on the third factor was 
done. Independent variables were exercise intensity (30, 40, 50 and 60% 
VO,max) , phase (warm-up, exercise and recovery) and training state 
(trained and untrained), respectively. The dependent variable was npR'. 
Significant F's were subjected to Newman-Keul's test for multiple compari- 
sons. Prior to any analysis a significance level of 0.05 was adopted, 

A 4x 3 x 2 ANCOVA, with similar design to the ANOVA, was also done 
using an intensity covariant. The covariants were generated from a 
regression formula (Appendix K). 

Other data was tabulated and graphed. Where necessary, independent 


t-tests were done. 
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CHAPTER IV 


RESULTS AND DISCUSSION 


The results are presented in seven sections: physical characteris- 
tics, diet analysis, protein catabolism, work capacity measurements, 
exercise response measurements, covariate treatment and optimal exercise 
intensity. A discussion integrating the observed results concludes the 
chapter. 

Summary tables and graphs are presented with the results. The 
original data and statistical analyses are located in the Appendices. 
Statistical significance was established at p€0.05. Planned comparisons 
were done when F values were significant using the Newman-Keul test. 


Independent t-tests were performed on paired means, 


Results 


Physical characteristics 


The weight, age and percent body fat of the subjects prior to testing 
are presented in Table 4.1. The only significant difference was in per- 


cent body fat, where the T group was leaner. 


TABLE 4.1 


Physical Characteristics of the Subjects (x + SD) 


Group Weight (kg) Age (years) Body Fat (%) 
x 
ak (oc0lt Gee 22. eto ci Regis py aA) 
(n = 6) 
UNT Set eae 3 24, 0e+022.0 14.6 + 5.0 
(ris a) 
sat Dec Dadi ee RO es a rE PS SA A 
* 


significant difference between T and UNT (p <0.05) 
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The subjects verbally replied to questions pertaining to their 
regular physical activity over the previous two years. These responses 


generally indicated that the UNT group was less active than the T group. 


Diet analysis 

The daily diet was analyzed for average daily caloric intake and the 
percent contribution to this intake from CHO, fats and protein. No 
significant differences were found between groups in relation to the 
percent contribution of the three substrates. However, the T group had 
a significantly higher caloric intake. These data are presented in 
Table 4.2, along with the percent contribution Foe the substrates as 


recommended by Action B,C, 


TABLE 4.2 


Diet Analysis (x + SD) 


Average Daily 


Group Caloric Intake (Kcal) de CHO % Fat % Protein 
* 
af 20167-40797 TT erin 336 tee ee oe a 

(n = 6) 

UNT 2397) 430 Aj. Oo+s 0.4 SHR Ch Se Baal BCG Fae | 
(n = 6) 
Action B.C. - Se, 3550 L760 
suggested 

intake 


a significant difference between T and UNT (p<0.05) 


Protein catabolism 
Protein catabolism was determined for the exercise period by urinary 


urea N. analysis. There was no significant differences between the T group 


(x = 0.537 + 0.244 g/hr) and the UNT group (x = 0.567 + 0.253 g/hr). 
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Work capacity measurements 


Three measurements were taken from the maximal ergometer test: 
VO,max, AerT and AnT. These data are presented in Table 4.3. Significant 
differences were found between groups on all three measures. While the 
VO,max for the T group was higher than that of the UNT group, as designed, 
the UNT group showed higher thresholds when expressed as a percent of 
VO,max. However, when expressed in terms of absolute workload (Table 4.4), 


the T group showed significantly higher values. 


TABLE 4.3 


Work Capacity Measurements (x + SD) 


VO2max AerT AntT 
Group (m1/kg/min) (% VO, max) (% VO max) 
* +4 * 
T 50.5 + 2.3 S0AGmE Sel 66.9 + 3.9 
(n = 6) 
UNT Pala eee ay) 6224403200 77.5 + 6.4 
(n = 6) 


* significant difference between T and UNT (p<0.05) 


significant difference between AerT and AnT within groups (p<0.05) 


TABLE 4.4 


Absolute AerT and AnT Measures (x + SD) 


Group AerT (kpm) AnT (kpm) 
*4 * 
T 1210 + 260 1520 + 290 
(n = 6) 
UNT 1080 + 200° 1325 + 240 
(ne= 6) 


significant difference between T and UNT (p< 0.05) 


significant difference between AerT and AnT within groups (p< 0.05) 
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Exercise response measurements 

Three different measurements were taken from each test session for 
analysis: heart rate, lactic acid levels and non-protein R' (npR'). An 
analysis of variance was done on each factor with post-hoc comparisons 
done where F values exceeded significance (p< 0.05). 

Heart rate was recorded during rest, warm-up, the last 30 minutes of 
exercise, the first 10 minutes of recovery, and the last 20 minutes of 
recovery. An analysis of variance revealed that there were significant 
phase and intensity effects, as expected. Post-hoc tests (Table 4.5) 
were performed to detemnine whether or not the relative intensities were 
the same for both the T and UNT group. These comparisons indicated 
significant differences between groups during the 40, 50 and 60% VO,max 
exercise intensities. This suggests that the two groups were not working 
at the same relative intensity. Resting heart rate also differed signifi- 
cantly with the T group having the lower rate. This same difference may 
have been reflected in the observed lower heart rate for the T group 
during the first 10 minutes of recovery after 30% vo, exercise. At higher 
intensities the early recovery heart rate for the T groups appeared to be 
elevated once again. 

Blood sampling for lactic acid was done at rest, immediately follow- 
ing exercise and after 30 minutes of recovery. An analysis of variance 
revealed the expected significance for intensity and phase effects. 
Although not significant, the lactate levels were lowered in all cases 
for the UNT group (p = 0.1612). The findings are presented in Table 4.6. 

The npR' values were calculated for each phase of each testing 
session. These data appear in Table 4.7. An analysis of variance revealed 


significant F values for phase (P) main effects as well as phase and group 


(P x G) interaction and intensity and phase (I x P) interaction. These 
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significant effects were graphed (Figures 4.1 and 4.2) and subjected 

to post-hoc comparative tests. Under P main effect all phases were 
found to be significantly different from all other phases. When the 

P x G interaction was tested the two groups differed significantly under 
the warm-up and exercise phase but not the recovery phase. The I x P 
post-hoc tests revealed only significant differences under the exercise 
phase, All exercise intensities differed from all others except the 

50 and 60% VO,max intensities. Table 4.8 summarizes these post-hoc 


findings. 


Covariate treatment 

Various trends in the results, particularly in the exercise heart 
rate values, led to the supposition that the two groups may not have 
been working at the same relative intensity, For this reason analysis of 
covariances were used in an attempt to reduce the apparent differences 
between groups. This technique requires that a covariate be determined 
that reflected the actual relative intensity at which each subject was 
working. Heart rate was unacceptable because the covariate technique 
tended to reduce the error sum of squares, thereby increasing the group 
differences. The lactate values were used with similar results to the 
original ANOVA using npR'; the only difference being that there was no 
significant I x P interaction (p = 0.1442). Since the working intensity 
was suspect, a regression equation was developed to predict the intensity 
at which the subjects were actually working. The T group was selected as 
the dependent group and their exercise values for heart rate, lactate 
levels, and npR' were used to generate a regression equation (Appendix K). 
The work intensities of the UNIT group were then predicted from this 


equation. The resulting analysis of covariance was very similar to the 
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Table “4. 


Summarized Post-Hoc Comparisons From npR' ANOVA 


Significant 
Source F 
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original ANOVA using npR'. It appeared that the intensity covariate had 
an effect on the G and I effects and I x G interaction but did not 
contribute enough to provide significance. The covariate had no effect 
on any other source, thus resulting in exactly the same values as the 
otieinal, ANOVA for PaeP x Gand: lex Pp, 


All ANOVA table summaries appear in Appendix L. 


Optimal exercise intensity 

One of the main purposes of this project was to attempt to identify, 
using npR' values, an exercise intensity that elicits optimal fat utiliza- 
tion. Unfortunately, due to the elevated npR' values (see Appendix J-VI), 
meaningful determination of this was not possible. Wilmore and co-workers 
(1976), however, established a table of R values for a wide range of work 
intensities. If these values are used it is possible to indirectly 
obtain an approximate optimal exercise intensity. The detailed procedure 
appears in Appendix M. The final values (Table 4.9) appear as kilocalories 
of energy derived during exercise from fat sources. In the case of both 
groups the optimal intensity appeared to be approximately 40-50% of 
VO,max. Since there was no significant differences found within the 
warm-up or recovery npR', it may be assumed that the fat utilization for 
the entire session wasdependent only on the intensity during the exercise 


phase. Thus, the optimal intensity identified for the exercise phase 


will also be the optimal intensity for the whole session, 
Discussion 


iInvtial factors 


Both the trained (T) and the untrained (UNT) groups were generally 


similar in physical characteristics and dietary habits. The only notable 
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TABLE 4.9 


Kilocalories Expended From Fat Sources (kcal) 


re ee ee eer ee ee eR ee ee <2 ee ee OD ees es 2 ee be 


Group Intensity (% VO,max) 
30 40 50 60 


difference between the groups was that the T group was significantly 


leaner and consumed more daily calories. In view of the reported responses 


to their regular physical activity, these findings were not surprising. 
Wood (1980) suggests that more active individuals consume more calories 
per day plus tend to have a lower percent body fat. Consequently, the 
UNT group, as a whole, might be expected to display the trends noted here. 
The composition of the diet, however, was similar for both groups. There 
did appear to be slightly more protein and less CHO consumed than 
recommended by Action B.C.; a trend not uncommon among North American 
populations (Briggs and Calloway, 1979). Several authors (Issekutz et 
Hise Luo. Maughan et als. 2970 erliay et alee Los/5 Benadé et al., 
1973a,b) have shown shifts in R values as a result of diet manipulation. 
These shifts, though, were results of rather excessive manipulation, In 
the present case there were no such excesses in any dietary profile, so 
it may be concluded that the dietary factor was controlled. 

There was no difference between groups with respect to protein 
catabolism. The normal physiological range is 0.5-1.0 g/hr (Ganong, 1979) 


and the two groups were within this range. As a contributor to exercise 
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energy, it has been reported that protein serves only a minor role 
(Margaria and Foa, 1939; Pirnay et al., 1977) and becomes more insignifi- 
cant as the metabolic rate increases (Burztein et al., 1977). Pirnay and 
co-workers determined that protein accounted for 1-2% of the energy 
necessary to run on the treadmill for 6 hours at 50% VO,max. While some 
authors (Lemon and Mullin, 1980) have suggested that the protein contri- 
bution has been underestimated, it is unlikely that protein catabolism 


would amount to anything much more significant than is already accounted 


for by the determination of the non-protein R. 


Aerobic and anaerobic thresholds 

The AerT and AnT thresholds were determined because, according to 
Skinner and McLellan (1980), these transition points may have some effect 
on the observed substrate profile. Of particular interest is the rise in 
lactate levels associated with the AnT, since lactate has been shown to 
inhibit lipolysis (Boyd et al., 1975). The recorded AnT for the two 
groups was above the maximum exercise intensity for this study (see Table 
4.3). Consequently, it may be assumed that the AnT did not play a 
significant role in the observed results. There did not appear to be any 
trends in the results that might be associated with the AerT. Skinner 
and McLellan (1980) have proposed various metabolic changes that occur at 
the AerT, but the techniques used in this study are either not designed to 


measure these changes or are too insensitive to resolve any differences. 


Work intensity 


Various observations have led to the supposition that the two groups 
were not working at the same relative intensity. 
Firstly, although all subjects continued the maximal test until 


exhaustion, the test results were suspect. The findings that the 
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percentile thresholds for the UNT group were higher than those of the T 
group does not agree with the literature. Astrand and Rodahl C1977) 
note that trained individuals often have anaerobic thresholds 

above that of their sedentary counterparts. This conclusion is further 
supported by Wilmore (1977) and Wyndham (1974). These conclusions apply 


to both the relative (percent of vo max) and absolute (i.e., kpm) thresh- 


2 
old values. However, when the present data is expressed in absolute 

terms the threshold values for the UNT group are significantly lower. 

When these absolute values are compared with those reported in the 
literature for sedentary individuals, the UNT values appear to be reason- 
able (see Table 4.10), although the AnT value is higher than the reported 
range. It might further be assumed the threshold is a rather fixed 
absolute phenomenon; that is, the point at which a given person character- 
istically shifts from principly aerobic to anaerobic metabolism. Davis 

et al. (1976) has reported a significant test-retest correlation of 0.74 
to support such a concept. Thus, it might be concluded that the UNT group 
did not reach a true VO,max value during the maximal test. This would 


explain why the absolute threshold values are reasonable yet the relative 


ones are not. Had the UNT group as a whole achieved a higher VO,max 


2 
value, the relative threshold values would have been lowered toward, and 
perhaps beneath, those of the T group. The reasons for such an occurrence 
are not clear. It might be suggested that, as the UNT group was less 
accustomed to strenuous physical work, they did not push themselves as 
hard during the maximal test as the T group did. The result of this 

would be lower VO,max values for the UNT group. Multiple maximal tests 
may have reduced this error. 


There was further evidence to suggest that the UNT group did not 


achieve a true VO,max value. At intensities of 40, 50 and 60% of VO,,max, 
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TABLE 4.10 


Comparison of UNT AerT and AnT Values to Those 
Reported in the Literature 


Group AerT AnT Reported Values 
(kpm) (kpm) (kpm) 
UNT 1080 + 200 ig 2oeh) 240 610 (Davies and Sargeant, 1974) 


1098 (Wasserman et al., 1973) 
1220 (Davis et al., 1976) 

1220 (Astrand and Rodahl, 1977) 
440 (Stamford et al., 1978) 


972" (Katcheets als 61970) 


the UNT group recorded significantly lower heart rates. This suggests 
that the UNT group was not working as hard during these relative 
intensities as was the T group. It is well established that trained 
individuals typically display lower resting submaximal and maximal heart 
rates (Astrand and Rodahl, 1977). If this relationship is extrapolated 
to relative intensity workloads, the UNT group should have a slightly 
elevated mean heart rate at any given relative intensity. As the reverse 
was true in the present case, it must be assumed that the UNT group was 
working at a lower intensity relative to that of the T group. This 
observation can be explained if it is assumed that the UNT group did not 
reach a true VO,max. 

Although the lactate values were not significantly different, their 
trends support the position taken concerning the heart rates. In all 
cases during exercise and recovery the lactate values were lower for the 
UNT group (see Table 4.6). Again, it is well established that trained 


individuals display lower absolute lactate levels (Astrand and Rodahl, 
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1977). If the two groups were working at the same relative workloads, 
it would be assumed that the UNT group would have slightly elevated 
lactate levels. As the reverse was true, the previous suggestions that 


the UNT group did not achieve a true VO,max is supported. 


2 


Non-protein R' 
The computation of the npR' value from VCO, , VO, and urinary Ny is 
a common practise (i.e., Issekutz et al., 1963; Pirnay et al., 1977). 
In the present study, however, the npR' values were abnormally high 
(see Appendix J-VI). The reason for this is not clear. The set-up and 
calibration instructions issued with the MMC were followed rigorously. 
A possible explanation is the analyzer drift over the prolonged period of 
analysis. Nevertheless, the attempt was made to correct for this 
by generating npR' values that were equated to resting values of 0.83. 
As the resulting npR' values still seemed abnormally high when compared 


to those in the literature (i.e., Wilmore et al., 1976), the npR' values 


have only been used qualitatively. 


Substrate contribution 

The npR' values obtained from the testing sessions were subjected 
to statistical tests. Due to the assumption that the UNT group was 
working at lower relative intensities, an effort was made to statistically 
correct for this error. Analyses of covariance were done using various 
covariates. Unfortunately, the best covariate (estimated intensity) did 
not significantly alter the ANCOVA results from those of the original 
ANOVA using npR'. For this reason all subsequent discussion will deal 
with the original ANOVA. 

Significance was found for the phase (P) main effect, the phase and 


group (P x G) interaction and the phase and intensity CP xar) simteraction. 
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Post-hoc analysis on the P main effect revealed that all phases were 
significantly different from all other phases (see Figure 4.1). In terms 
of the relative substrate profile fats were more prominent during recovery, 
less so during exercise and intermittent during warm-up. These results 
agree with the general observations found in the literature. Ina 
summarizing paper, Gollnick (1978) stated that fats become less prominent 
as a fuel source as the intensity of work increases. The exercise phase 
of this study represented a higher working intensity than either the 
warm-up or recovery phase. Consequently the fat contribution was lower. 
The recovery phase registered the lowest npR' values of all three 
phases. This indicates that fats were more prominent in recovery than 
during the other phases, although the recovery npR' value (0.91) was 
still greater than at that of rest (0.83). Pruett (1970) found plasma 
FFA levels to be elevated during recovery and suggested that they play a 
significant role in recovery. This position was supported by Farley and 
Hamley (1979) who found R to be suppressed for at least 30 minutes after 


3 hours of 50% VO,max race-walking. Other supportive data includes 


2 
Thompson (1980) and Haralambie and Sander (1980) who both found depressed 
plasma triglyceride levels during recovery, indicating enhanced lipid 
uptake. In the above studies, though, the recovery R reported is often 
below that of rest. In the present study this was not found to be the 
case, There may be two explanations for this. Firstly, Pruett (1970) 
found that the elevated recovery plasma FFA levels were dependent not on 
total energy expenditure but on the rate of energy expenditure (i.e., 
intensity as a percent of VO,max). The greater the intensity the greater 
and longer the duration of elevated recovery plasma FFA. This effect was 


most prominent at intensities of 70-80% of VO,max. In the present study 


the highest intensity was 60%. It is thus suggested that the intensity 
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was not sufficient to elicit the recovery effects observed by Pruett. 

The second explanation may involve the work duration, The Farley and 
Hamley (1979) study involved 3 hours of work while the present study only 
involved 50 minutes. Farley and Hamley (1979) observed a decline of 

0.26 R units in 3 hours, yet only 0.06 of those occurred in the first 

60 minutes. Also, after the imei! 60 minutes the R value was approxi- 
mately equal to the resting R value. The inference may be that exercise 
duration has to be of at least 60 minutes to elicit a sub-resting R value 
in recovery. This concept is supported by the work of Benadé and co- 
workers (1971, 1973a,b) who found similar substrate profiles over time. 

A significant P x G interaction was found (see Figure 4.1). The 
direction of the difference is opposite to that that might have been 
hypothesized - that the T group would have lower npR' values for the 
work phases. Several authors (Holloszy, 1973; Holloszy, 1975, Molé et 
al., 1971) have reported the training adaptations to the aerobic metabolic 
pathways, concluding that the aerobically trained individual will have a 
greater oxidative potential to utilize fats. Girandola and Katch (1976) 
investigated the training effect on R. Their findings were that after 
9 weeks of endurance training a significant decline in submaximal R was 
observed. These reports support the hypothesis that the T group's npR' 
should be lower than those of the UNT group. The discrepency is likely 
due to the aforementioned difficulty with the UNT group's work intensity. 
With the UNT group working at a lower intensity, the work npR' values 
would be expected to be depressed. Thus, it is not possible to determine 
if the T group was, in fact, more aerobically fit and oxidized more fat 
fuels. 

A significant F was found for the P x I interaction. Post-hoc treat- 


ment determined that there wereno differences within warm-up or recovery 
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phase while all exercise npR' differed from all other exercise npR' 
values, except for the 50 and 60% intensities. It was expected that 

no significant differences would be found during the warm-up phase as the 
workload (30% of VO,,max) was independent of the following exercise 
intensity. However, it is interesting to note that the preceeding 
exercise intensity had no effect on the recovery npR' values. At first 
this result appeared to be in contradiction to those of Pruett (1970). 
Pruett found that working at progressively higher intensities elicited 
correspondingly higher plasma FFA levels during recovery; following a 
50/10 minute work/rest protocol. However, these differences are not 
distinct until the second rest phase (i.e., 100 minutes of exercise). In 
the present study the exercise phase only lasted 40 minutes, conceivably 
not long enough to elicit the differences that Pruett found. Had the 
exercise phase been 2 or 3 times longer, it might be expected that the 
60% intensity would elicit the lowest recovery npR' and the 30% intensity 
the highest. 

During the exercise phase itself the npR' value increased signifi-- 
cantly with each increment in intensity; except between the 50 and 60% 
levels. Such results generally agree with the literature (Pruett, 1970; 
Hermansen et al., 1967) that, as intensity increased, so did R. The 
reason for the lack of increase between the 50 and 60% levels is not 
clear. Pruett (1970) reported incremental increases in R through the 
entire intensity range from 20 to 85% of VO,max. During heavy exercise, 
the R value climbs progressively and may even reach 1.30 at VO,max 
(DeVries, 1976). Coupled with these reports and the fact that there were 
no sessions done above the 60% intensity level, it is difficult to 


conclude that a plateau was reached in the 50-60% range. 
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Optimal exercise intensity 


An attempt was made to approximate the optimal exercise intensity 


for fat utilization using the exercise VO, values from this study and the 


2 
R values from another (Wilmore et al., 1976). The result was the identi- 
fication of the 50% level as being optimal for both groups (see Table 
4.9). However, close examination of the results revealed that, for the T 
group, the 40% value wasonly slightly lower than the 50% value (200 vs. 
207 kcal). This suggests that the optimal intensity, at least for the 
T group, is between 40 and 50% of VO,max. Also, the UNT group is 
suspected of having worked at lower intensities than the T group. The 
regression equation suggested that the difference was 10% at the high 
intensity level (see Appendix K). When these regression generated 
intensities are graphed against the kilocalorie expenditures, the optimal 
intensity appears to be between 40 and 50% for both groups (Figure 4.3). 

The optimal intensity determination is dependent on both the sub- 
strate percent contribution and the amount of energy expended as 
determined by oxygen uptake. Due to the relatively short time frame 
used in this particular study, the percent contribution during a given 
session, as determined by npR', was not expected to shift significantly. 
However, the recorded npR' was dependent upon the intensity during the 
exercise phase. Also, the energy expenditure, as measured by exercise 
VO,; fluctuated with exercise intensity. The combination of these two 
exercise intensity dependent functions resulted in optimal intensity 
findings. 

The investigations in the literature do not, to this author's 
knowledge, combine a substrate contribution measure with an energy 


expenditure measure to determine any optimal values. Nevertheless, there 


. ° ¢ 
are substrate studies that may help to elucidate these findings. Essen 
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(1978), in reviewing the area, suggests that lipids are the prominent 
fuel source during work between 30 and 60% of VO,max. The author also 
goes on to suggest that one-half of the lipid requirement is accomplished 
via intramuscular stores. The differentiation between intra- and extra- 
muscular fuel sources requires blood and biopsy techniques. As these 
were not done in the present study, such inferences are not possible. 
Also, the role of lactate has long been linked with lipid energy metabo- 
lism. Generally, lactate is thought to inhibit fat mobilization at the 
adipocyte (Gollnick and King, 1969; Boyd et al., 1975; Issekutz, 1965) 
and in the muscle (Paul and Holmes, 1975). Lactate levels do not rise 


appreciably above resting values until about 50% of VO, max (Astrand and 


2 
Rodahl, 1977). This phenomenon was generally observed in this study 

(see Table 4.6). Thus, it seems reasonable that the optimal intensity 
level is below 50% of VO,max. 

Finally, this study was designed to mimic an exercise session that 
might be undertaken by an individual that wishes to begin a fitness pro- 
gram. One of the objectives of the project was to determine if an 
intensity specified for cardiovascular training was also beneficial to 
weight loss by fat utilization. The cardiovascular training intensity, 
as determined by target heart rates, is usually between 60 and 85% of 
VO,max and maintained for more than 15-20 minutes (Astrand and Rodahl, 

1977; Mathews and Fox, 1976; DeVries, 1976). The present results suggest 
that, for a 40 minute exercise session, the optimal intensity for fat 
utilization is between 40 and 50% of VO,max. However, examination of 
Figure 4.3 reveals that the drop-off towards the higher intensities is 

not extreme. There also appears to be a threshold value for cardiovascular 


training (60% of maximal heart rate) (Mathews and Fox, 1976). Thus, it 


is feasible that individuals who exercise according to the cardiovascular 
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training guidelines, but remain in the lower portions of the target 
heart rate range, will benefit from both improved cardiovascular fitness 


and enhanced fat utilization. 
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CHAPTER V 


SUMMARY AND CONCLUSIONS 


The fat contribution profile of 12 male subjects during submaximal 
exercise was studied. The subjects were split equally into trained (T) 


and untrained (UNT) groups, defined by VO,max. Testing sessions were 


2 


done at 30, 40, 50 and 60% of the subject's VO,max on a bicycle ergometer. 


2 
Each session consisted of 4 phases: resting, 10 minutes of warm-up, 

40 minutes of exercise and 30 minutes of recovery. Sessional measures 
included non-protein R, heart rate, venous blood for lactate and a urine 
analysis for protein catabolism. 

It was found that the UNT group was working at lower relative work- 
loads than the T group. This fact negated any comparison between the T 
and UNT group. Also, the non-protein R values were abnormally high, 
allowing for only qualitative discussion, There was a significant phase 
effect with the descending orderof lipid predominance being: rest, 
recovery, warm-up and exercise. When the intensity factor was analysed, 
there appeared to be a decreasing lipid eee with increasing 
intensity. No differences were found within the warm-up or recovery 
paeee as a result of intensity. It was suggested that insufficient 
intensity and duration factors may have been responsible for the observed 
results. An attempt was made to quantify an optimal intensity for fat 
utilization using values reported in the literature. The result was the 


identification of the 40-50% VO,max range. 


2 
Within the limitations of this study, the following conclusions 
appeared justified: 


1. The work intensity dictated the exercise npR' value. 


Ze ihe recovery npR' did not alter with the intensity of exercise 
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used in this study. 

3. Optimal fat utilization was during intensities between 40 and 
50% VO,max. 

Several recommendations for further investigations in this area can 

be made: 

1. Test higher intensities and longer durations to evaluate the 
recovery phase more closely. 

2. Simultaneous blood sampling and muscle biopsy techniques to 
validate the respiratory methods. 

3. Multiple testing to ensure correct categorization of subjects 
into trained and untrained groups. 

4. A systematic review and testing of the current reported R values 
and measurement techniques to validate the use of the classic 
substrate contribution tables. 


5. The interaction with the anaerobic thresholds should be examined 


more closely. 
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PARTICIPANT IDENTIFICATION 


PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PAR-Q)® 
A Self-administered Questionnaire for Adults 


PAR-O is designed to help you help yourse!!. Many health benefits are associated with 
reguiar exercise, and the completion of PAR-O is a sensibie first step to take if you are planning 
to increase the amount of physica! activity in your .lite. 


For most peopie physical activity should not pose any problem or hazard. PAR-OQ has been 
designed to identify the small number of adults for wnom phySicai activity might be inappropriate 
or those who should have medica! advice concerning tne type of aclivity most suitable for them. 


' 
aT 


es 


Common sense is your best guide in answering these few questions. Please read them care- 
fully and check the YES or NO opposite the question if it applies to you. 


YES NO 

0 CD 1. Has your doctor ever said you have heart troubie? 

i f=} 2. Do you frequently have pains in your heart ana chest? 
EIQ 3. Do you often fee! faint or have spells of severe dizziness? 
iad O 4 Has ad doctor ever said your blood pressure was too high? 


psy 5. Has your doctor ever told you that you have a bone or joint problem such as arthritis 
that has been agcravated by exercise, or might be made worse with exercise? 


L]Ce. Is there a good physical reason not mentioned here why you should not tollow an 
activity program even if you wanted to? 


Are you over age 65 ana not accustomed to vigorous exercise? 


' If you answered PAR-Q accurately, you have 
reasonable assurance of your present suitability 
for: 
@ A GRADUATED EXERCISE PROGRAM - 
A gradual increase in proper exercise pro- 
motes good fitness development while mini- 
mizing or eliminating discomfort. 
@ AN EXERCISE TEST - Simple tests of fit- 
ness (such as the Canadian Home Fitness 
Test) or more Complex types may be under- 


i~ Fs 
aE 


If you have not recently done so, Consult with 
your personal physician by telephone or in person 
BEFORE increasing your physical activity and/or 
taking a fitness test Telli him what questions 
you answered YES on PAR-Q, or show him your 


After medica! evaluation, seek advice from your 
physician as to your suitability for: 
@ unrestricted physical activity, probably on 
a gradually increasing basis. 
@ restricte¢d or supervised activity to meet 
your specific needs, at least on an initial 
basis. Check in your community for special 
programs or service 


If you have a temporary minor iliness, such as a 
common cold. 


YI GS 


* Developed by the British Columbia Ministry of 
Translation, reproduction and use in iis entirety is encouragec. Moditications by written per rssior only Not to be used tor commercial! advertising 
in order to solicit business from the public. 
Reference: PAR-O Valication Repori, British Columbia Ministry of Hesith. May. 1578 

* Produced by the British Columbia Ministry of Health and the Department of Nationa! Health & We'tare 
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CONSENT FORM 
Trained 
Untrained 


I, , authorize David Mann of the University of 
RIDer tas fachity of Graduate Studies. eto; administer a series’ of tests ta 
determine substrate utilization during exercise. 


I understand that I will complete a submaximal bicycle test during which 
heart rate and blood pressure will be monitored. A few davs after this 

test I will complete a maximal aerobic power bicvcle test during which 
respiratory measures and heart rate will be recorded. However, if I ama 
trained individual and used to strenuous exercise, I understand that I will 
not complete the submaximal test but commence with the maximal test directly. 
During this initial testing period I will also have mv percent bodv fat 
determined via underwater weighing, regardless of whether I am trained or 
untrained. 


It is my understanding that, after mv maximal oxvgen uptake has been 
determined, I will complete 4 sessions on the bicvcle at 30, 49; S0cend 
60% of this determined maximal value. The tests will commence no sooner 
than 3 davs efter the maximal test. I understand that anv food that I 
consumed the dev prior to these tests, I will record and submit before 
testing. Following the test I will also supplv a urine sample. During 
these tests I understand that 3 venous blood samples will be drawn from 


my arm by an individual trainedin such techniques. 


I understand that all procedures will be conducted such as to cause me as 
little risk and discomfort as possible. I realize that I may discontinue 

my participation in this studv at any time I wish, without being obliged 

to give reasons for doing so. I further understand that the test(s) will 

be stopped at anv time if I experience anv unusual, abnormal or distressful 
symptoms. Finallv, I understand that any questions I mav have pertaining 

to the procedures will be answered to my satisfaction and that all information 
pertaining to mvself will be kept confidential. 


In agreeing to such tests, I waive anv legal recourse against mv examiner 
or the University of Alberta, from any and all claims resulting from 
personal jnjuries sustained or death resulting from these tests. This 
waiver shall be binding upon my heirs and mv personal representatives. 


Signature Date po 
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Data Collected 


The MMC collected the following data for further computation: 


F CO, mixed expired ae (fraction) 
Fo, mixed expired 0, (fraction) 
Temp temperature of expired gas as it passes through the 


volume transducer (°C) 


P, barometric pressure (mmHg) 
Vol cumulative expired volume (litres, ATPS) 
Time duration of measurement interval (seconds) 


Body weight is entered into the computer in kilograms. 


Calculations Performed 

The MMC completed the following calculations using the preceding input 
data: 
Minute volume (Ve ml/min) 


1b, V,, (BIPS) = Vol 60 


x pee 0 et Ce e000) 


Time» Pay 47 2/5245 emp 


2. V_(STPD) = V_(BIPS) , PB - 47 , 273°C 
e 3 re) 
760 mmHg S026 


Oxygen consumption (VO, mL/min) 


Sa FN, = 1 - F,0, 


Smee oN 2h in ae = F 00, 


I} 


ar V, (STPD) V_, (STPD) x F,No 


FiNo 


e 


= . = : (@) 
6. VO, (¥, (sre) x F,°> (¥-(S7D) ih ») 
Substituting 3 and 4 into 5, and then 5 into 6, 


da vO, = )¥_csrm) ann @ ae F 0, - F CO,) x "| = (ice x r,) 
Le F,0, 
= 0.2094, and 7 is factored, 


F,0, 
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8. VO, = V_(STP : z z : 
2 = V,(STPD) 4 [0.2649 x (1 - F,0, F00,)] ra} 
Oxygen uptake expressed relative to body weight (ml/kg-min) is calcu- 


lated by dividing 8 by the body weight in kilograms: 


9, VO, (ml/kg: min) = VO, (ui /min) 


weight in kilograms 


Carbon dioxide production (VCO, ml/min) 


10. vco,, = (i, (ste) x F 00, - (v, creo) x F,00, 
for low concentrations of inspired CO, 

ahi 11 and 
(i, (step) x F605) (i, ¢stem) x F,0, ) is very small an 


V, CSTPD) is a close approximation of V_(STPD) for FCO, = 0.0003 
58 


(atmospheric air). Therefore: 


- 0.0003) 


2 


Dey co = acaLED) x (FCO, 


Respiratory quotient 


VCO, (m/min) 


Me © Fo, (l/min) 
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Graphical Determination of 
Aerobic and Anaerobic Thresholds 
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Lactic Acid Determination 
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Collection and storage 

The subject voided just prior to testing. He was then given 300 ml 
of cool water to drink. Urine samples were collected immediately after 
the completion of the resting phase. 

The sample volume was recorded and approximately 3 ml was transferred 
to a test tube. This was covered and frozen at -57°C until urea N 


2 


analysis. 


Analysis 

The analysis was done with a Sigma Chemical Co. Urea Nitrogen kit 
(No. 640) for use with spectrophotometer. The kit included phenol nitro- 
prusside, alkaline hypochlorite, urase solution and urea nitrogen standard 


solution. Double assays were done on each sample. 


Procedure 
1. Test tubes are labelled BLANK, STANDARD and as many TEST as necessary. 
2. Add 0.5 ml urase solution to each test tube. 


3, Jo BLANK: <add 02010 ml DH-O 
To STANDARD: add 0.010 ml“urea nitrogen standard solution 
To TEST: dilute urine sample by 1000. Add 0.010 ml diluted urine. 
Mix and incubate 5-10 min at 379°C, 


4. To all test tubes add, in the following order: 


1.0 ml phenol nitroprusside solution 
1.0 ml alkaline hypochloride solution 
5.0 


. Oe mt DH, 0 


5. Incubate at room temperature for 20-30 min. 


6. Read STANDARD and TEST against BLANK at 570 mm, 


Calculations 
LID Soak 
Urea N, (mg bh) = 2570 x 3000 
Aca9 STANDARD 
TEST Vol(ml 
Urea N, (g/hr) = A570 eavon Gal) Se Ua 
A STANDARD x Time (hrs) 


570 


Fae, 


entation <:aietiil = 


ss 


sSutdy. ae as _ > 


> 


<5 
Kergwtahess eee lu € GLotietandogs tre Solropar ame eh aT 
oH wives Ehana 9°%C= 34 603 ton Vora A AM eats 


4 


ott aapestit eer 20D Leamusit aims ket iw orob amv elagtone af? : 
~avita Tenedq wet sat sta afl tess aototgorsaeqe dtm aan 267 (0a38 oft) 
Hroleaite soager sis aya ‘bes cofaaioe sastu »tivelddequd antiautp obt : 
igtie (ors oo andb evaw eyeeem Biduet 


seraeosesn 60 ‘TEST vaam 28 bow qgiacee’) yet -belfedel era esdwt deat a : 
‘sdu3 gee) doco ot qotiaie pagey te ¢.0 SRA 
0. fm O7G.0 hie 7 aATA of 
no btuloe etabtese eae iin icsethtae! OG bie ‘rama Aa oT 
duke borutis in CLO bbA © COOL vd signe: Mare azelIh .<TRR7 oT, 
SCP 42 Ute 05? atediow’ ton sie 
rxebre antwollos ad nt hte esduy tesa IIe oT can 
ka 01 
In 0,5 
ot In On 
etthor OE-O5 an iii muy te atedvont. | ec 


ws OF clan stint eat ann 


= 
an 
e " 


oa aUtenihy wpethc € 
apt sults piney 3 


APPENDIX F 


Urea Nitrogen Determination 
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Collection, fixation and storage 


Whole blood was removed using the vacutube method. One millilitre 
of blood was pipetted into 4 ml of cold (0°C) 4% perchloric acid and mixed. 
The test tube was covered and stored at 0°C for less than 90 minutes. 

The stored blood-perchlorate mixture was spun at 3000 RPM for 10 
minutes. The supernatent was ni perced off and frozen at -57°C until 


lactic acid analysis. The pellet was discarded. 


Analysis 


The analysis was done with a Sigma Chemical Co. Pyruvate Acid and 
Lactic Acid Determination kit (No. 726-UV and 826-UV) for use with 
spectrophotometer. The kit included nicotinamide adenine dinucleotide 
(NAD) vials, glycine buffer and lactic dehydrogenase (LDH). Double 


assays were done on each sample, 


Procedure 
1. One vial is used for every 2 assays. 
PmelutLoleach vLal pipette: 


O ml glycine buffer 
QO ml DH,O 
i 


2 
I 
0 ml LDA 


Cap the vial and invert to mix. 
3. Contents of all vials are combined into a flask. 
4. Into labelled test tubes pipette 2.8 ml of solution from step 3. 
5. Add 0.2 ml of 4% perchlorate to BLANK. 
6. Add 0.2 ml sample solution to labelled test tubes. 


7. Incubate for 30 min at 37°C. 


8. Read against BLANK at 340 m. 


Calculations 


Blood lactic acid (mg %) = Agro x30 2. 
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Calculation of Percent Body Fat 
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TABLE 5.2 - CALCULATIONS FOR UNDERWATER WEIGHING TECHNIQUE 


MEASUREMENTS : SUBJECT: eae 

(lo Wee. one air _ (Lbs<.) 

(2) Vital capacity (V.C.) ClLitTes i h-012 los eee ee cued ay 
(3) Residual Volume 30% VIC (eusim 

(4) Vol.. Gastro-intestinal Bary) (VGI) = TAU Soglte late 

(S) Wt. in water {full inspiration) = = PL Sicey 


= (must be negative) 


CALCULATIONS: 
CG) ee otal body Air ull BA.) eV Cee (cu.in.) (from 2 abeve) 
FRaV eA. feu te On 3 above} 
+ RGI pees cai) 
= x US03G2 =" (ibs o} 

(7) True wt. in water = weight in water (from 5 above) (iba. 
+. totaiepody air {from=G above). (lbs. ) 
= (ibs) 

(8) Body Volume = wt. in air (1) - true wt. 

in water (7) = Poel (lbs. ) 


(9) e0dy density = wi. invair sd) body volume (8) _ 


density of H20 = 


PLO) Re serate= rAcb 70 a Ae 
Body Density 4.142] x 100 
= % 
(11) “Lbs. fat ay (sofat) x : (Wien, 2ir)) = 200 


= (1bs.) 


(ic yeeubsee tat tree wu. wt. in) aire) 
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A x overt 


wharian t29C alquart : 


Hab A AUER ONY AR PELE LY Bee he = « HERE TS YOUR PERSONALIZED 
NUTKITION EVALUATION HKASED ON THE INFORMATION YOU KEPORTED. 


CANADIANS ARE GENERALLY EATING POORLY, ACCORDING YO STULTES DONE BY 
NUTRITION CANALA AND OTHERS. HEI: IGS AN OPPORTUNITY FOR YOU TO EVALUATE 
YOUR OWN NYE YT AND THEREBY GET A BETTER UNUERSTANDING OF THLE AMOUNT AN 
VARIETY OF FOODS YOU NEEM TO MALNTAIN GOOL HEALTH. 


YOUR PERSONAL DATA 
THE FPERSONAL-TATA YOU REPORTED 16 SHOWN BELOW. THE COMPUTER HAS {DENT I-- 
FIED THE IEA WEIGHTY KRANCE FOR A PERSON OF YOUR AGE AND SEX. 


a a a a a a a a a a a a ee ee ee 


= -MAIE :--BIRTH DATE-~31/10457+—-AGE. - 22) HEICRT 177 €M <. 70 INS.); : 
= WEIGHT 70 KG ( 1545 L@S.), MEUYUM FRAME SIZE = 
S Wile GMS ers SRA AOS eaie veenl! seat wi eee re ey cc slael Fee) idee (eR 


THE ACTIVITY HATA YOU REPORTED HAD BREEN AVERAGEN. THE CALORIE CQUIVAIENT 
FOR AN AVERAGE PERSON IS SHOWN FOR THE YXFFERENT ACTIVITY LEVELS. 


= Batis ty ot 7+43 HOURS RESTING “REQUIRES 334 CALORIES — 
—JCEVEL 2 10.86 HOURS SEUENTARY REQUIRES 1042 CALORIES - 
= (HSS 2 3-07 HOURS LiGHTY ACTIVITY KEGUIRES 7/7 Se GReORLTES — 
gi SS Sy ly | 0.64 HOURS ACTIVE KEQUIRNES #146 CAIORIES - 
= TOTAL CALORIC I:XPENDITURE = 27645 CALORIES — 


CALORIES ARE A UNIT UF MEASURE FOR CNERGY IN THE SAME WAY THAT INCHES 
ARE A MEASURE FOR LENGTH. YOUR SIZl, BOTH HEIGHT ANU WEIGHT, ANU YOUR 
ACTIVITY LEVEL WETERMINE HOW MANY CALORIES YOU USE LACH DAY. IF YOU 
PROVIDE YOUR LODY With THE SAMIE NUMER OF CALORIES THAT YOU USE UF YOUR 
WEIGHT WILL REMAIN CONSTANT. WEIGHT. GAIN OCCURS WHEN THE BODY WAS TO 
STORE EXCESS CALORICS CUNUSED ENERGY) AND WEIGHT LOSS GCCURS WHEN THE 
EODY HAS TS fe STORED ENERGY 


YOUR CALORIC BREAKDOWN 
YOUR CALORIES COME FROM THE FOLLOWING SOURCES: A WN IN THE YTARLE 
BELOW, ANY ARE EXPRESSEN AS AN APPR SOXIMA x fees Fo) se OF YOUR TOTAL 
CALORIC INTANIE. THE LOEAl. RALANCE FOR CALORIE Sat iS GIVEN. 


CARBOHYDRATE FAT + MROTEIN 
EL ee ee ae ~44,0- Sage ao Ie 4 ~ 19.0 < 
- TDREAL ——- ket die 6) -— 2549 Dales > 
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+ THE FEDERAL MINISTRY OF HEALTH RECOMMENDS THAT CAT INTAKE BE NO MORE 
THAN 25% OF YOUR TOTAI CALORIES 10 HELP PREVENT HEART DISEASE. REFER TO 
*GOOL EATING TO GUARD YOUR HEART" AVAILAIE FROM YOUR LOCAL HEALTH UNIT. 


~ YOUR FOOD GROUFS ‘ aes 
ThE FOOD AND WRINK ITEMS YOU REPORTED HAVE WEEN CATEGORLZOb INTO THE SIX 
BASIC FOOD GROUPS. THE FOLLOWING TABLE COMPARES THE NUMBER OF SLIKVINGS 
YOU NEED DAILY WITH THE AVERAGE NUMBER OF SERVINGS IN YOUR WIET. 


eer = FOOD ——- ---———---——_----- NO@e--OF - RIECOMM.— — —. AVERAGE. NUMBER OF 
GROUFS SERVINGS SERVINGS YOU lial 

— 1. GRAINS, GBREANS & CEREALS 300 TOS. Zod = 
- 2, MILK AND MILK PRODUCTS ae Ola wah 2+6 re 
- 3. MEAT ANT ALTERNATIVES slg) BAILY) acts 503 zs 
~~ -4, FRUIT ANU VEGETALIES—.-—-—- 4.0 TO-Se9O- - - Gel - ~ 
eee hen LTS ray = 
- 6 SWEETS AND NESSERTS o7 : 


YOUR NUTRIENT BREAKLOWN 
THE FOOD AND DRINK ITEMS YOU REPORTED HAVE KEEN SEPARATEL INTO THE FOOD 
COMPONENTS SHOWN BELOW. THE RECOMMENDE) AMOUNTS FOR WEIGHTY MAINTENANCE 
FOR A FERSON OF YOUR. SEX+ AGE-AND ACTIVITY AKE COMPARED TO YOU INTAKE. 


FOOD Of RECOMMENTEN YOUR INTARIE ~ OF INTAKE LESS 
aN Teen UNIT —-——- AMOUNT. ——_—_—_—- AMOUNT — KECOM. THAN RECOM. 
—~SSALORIES KCAL 272040 243664 89 WS = 
SER OT fan GM : 1640 115.8 206 a 
- THIAMIN NG dia 164 91 “ES aS 
—- NIACIN MG 20.0 4707 250 = 
- RIBOFLAVIN —MG : ~--~J+~8 - 20? iS =e = 
See WL Tie ge MG 20 +S 37 YES = 
— FOLATE MCG 200.0 208.5 104 = 
= ABER Selah MCG Be en 172 
aU Fe MG 30.0 144-6 ASS a 
eT ts oR RE 1000.0 LES SO fobs S 
=—GAlLCIUM = Hye) B06C,0 1204.8 é2 = 
- FHOSPHORUS MG 800.0 1702.0 oF = 
- IRON MG 10.0 L907 gear = 
— PANTOTHENTOCRSMG 4D wes oe 
BH BTS fa *xxGM ee BOE Ks ie: = 
SS TPT Ke x GM fi Wa) £83 3.6 #% SUGGESTER VALUES AS NO - 
Eero FY CCS UD AYES EX tadtco a flere = - ~~ 268.1. -- STANTARTS HAVE KEEN SET- 
- FAT - GM- -——-—- - — — —___— SAAT Nae ee EE bet Sere et 
- ALCOHOL GM 10.9 “= 


IT IS USUAL FOR YOUR NUTRIENT INTAKI TO VARY FROM DAY YO AY. SOME ARE 
STOREL ANI) ONLY REQUIRE AN AUEGUATIE WEEKLY INTAKE, SUCH AS IRON ANI VITA- 
MIN A. OTHERS, LIKE VITAMIN Cy ARE nek! STORED ANN ARE NEEDED ALLY. (TT 15 
CST TO HAVE AN AMEQUATE SUFPLY OF -L NU NUTRIENTS ON A BAILY BAS aT 
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YOUR DUALLY NUTRITNT ULAR TOWN 
FOOD OR DAY *1% DAY £2x CLAY xix WAY 4x 
NUTRIENT UNIT AMOUNT % AMOUNT 2% AMOUNT % AMOUNT 2X 


CALORIES KCAL. 2467.0 9% 2285.1 83 2865.8 104 2688.4 98 
FROTEIN GH Neo noe eo el Sele oa ea Moreh 95 
THIAMIN MG 2 Nyce file 72 1.4 90 ES WEI, 1.i 74 
NIACIN MG ap | Pye ibe ar See4 2G1- 4561 225 72-1 S60 
RIBOFLAVIN MG Cyd ad Mes YALE) Sew eiyt Fel 7A) 
VIT. Bé MG UR Oe BIAS, Oleg ey Oe Ziera a LANE 
FOLATE ASE cute PUSS ee er Oh Reiley antes” thg) — hides etek ila, ede! 
Minit ye pai bee MCG mhig O)) LOE Aye ARs avait a Ae 3.6 118 
EB ERs 4k hate Ole Fyre Reh A Moka lttiyr.: Avr) OU ATO ANG RA | Coligny sah aye he, 
VIT. A RE O38 5 4 2 OU ime etd A akalcs Renee abla) Ce 
CAICIUM infer oRSeAs ey Gaelal Arabs y (RA ava ebeeeleln pls lepiaet Sle 
MHOSFPHORUS MG 2AGaA GOS MIG.) bom dd eck oi cridye Joe Gat 
LRON MG 47e1 170 14.7 ihe 34.4 145 a7 eh 172 
PANTOTHENICKKMG Lav WAY 4b Fs ¢ 
SODIUM *xXGM Sel, 1.6 2.8 see 
FIBRE xxXGM +1 Vig 46] eos) 
CARBOHYDRATE GM 250.5 a OL oe? 26263 231.4 

FAT GM Ole 7 Need veal gi wie 102.2 
ALCOHOL Se Stt: 26.6 0.0 1344 2608 


YOUR WAILY INVAXE BY FOOD GROURPGS IN SERVINGS FER DAY 


FOOD GROUPS DAY xix NAY XO WAY «sx MAY x4x 
GRAINS sEREAD*+ ETC Zoe O 3.00 3-00 3200 
Fs OG eam a BP Greet ad 3 6 Reese) 1.00 4.50 2200 
MEAT & ALTERNATE 3-45 12S 2/0 WEmehe) 
PRD T VEGETARL Bs diss 4.5 Nw ee) 7209 
agmics) CAiShG (e/g eee 4.50 7290 10.090 4.5 
SUS) A TASS SYS) 2.00 0.00 70 00 0.00 


ACTIVITY DAY <i WAY 2x UAY = XAm% WAY AR 
INACTIVE 3200 7299 3.099 7.00 
NOT VERY ACTIVE 13.00 14.00 mene, 32-00 
SETGHALY ACTIV 3.90 2250 7200 wie DD 
ACTIVE 0,00 0.50 1.00 0.09 
HECOMMENNATIONS 
Kx YOU HAVE EATEN PEWER CALORIES THAN YOUU ARE USING UP THROUGH ACTINGT7. 
THIS WILL CAUSE YOU TC LOSD WEIGHT af CONTINUE. 


*x WE SUGGEST YOU CHOOSE MORE FOOLS CONTAINING CALORIES 


“* WE SUGGEST YOU @HOUSE MORE FOGG CONTAINING THIAMIN 


@ 


XX WE SUGGEST YOU CHOOSE NORT FRONS CONTAINING VITAMIN Do 
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PROTEINS ARE MANE UM OF A NUMER OF AMINO ACIDS. THE AMINO ACIDS THAT 
CANNOT IIE SYNTHESTZOU XN THE ROLY MUST ALL BE PRESCNYT 1N YOUR DLET ON 
A DAILY BASTS BECAUSE THEY ARE REQUIRED FOR THE GROWTH GF NEW TISSUL» 
REPAIR OF OLL TISSUE AN REGULATION OF IMIORTANT BODY FUNCTIONS. 

THE DEMAND FOR ENERGY TAKES FIRST MRIOR{TY 1N METAKOLISM. TF CARROHY- 
DRATE AND TAT ARE NOT CONSUMED IN SUFFICIENT AMOUNTS SOME OF THE AMINO 
ACIDS hee BO USCU AS A SOURCE OF ENERGY ANTI WILL NOT BIE AVALLABLE 

FOR THE SYNTHESIS OF BODY PROTEINS. WHEN IENERGY CONSUMPTION TS 1.0W 
PROTCIN 15 USE LESS EFFICIENTLY. THE CORRECT EALANCE UETWEEN PROTEINs 
FAT ANT CARBOHYDRATE (NTAKIE IS VERY IMPORTANT. YHE RECOMMENDATION FOR 
PROTEIN INTAKE 18-CLOSE-7O BOULLE THE AVERAGE REQUIRCMENT FOR SOMEONE. — — 
YOUR AGE AND WEIGHT TQ INSURE THAT VARIATIONS IN INDIVIDUAL NEEDS ARE 
MET. 


CARBOHYOURATES SUPPLY THE MOST I:FFICIENT SOURCE GF ENERGY FOR YOUR BODY. 
OST OF THE CARBOHYURATES {N YOUR DIET COME FROM STARCHES ANT SUGAKS. 
IT TS HEALTHIER TO CONSUME MOST OF -YOUR CARGOHYLRATES AS STARCHES 
BECAUSE THIESE FOODS ASO CONTAIN MANY NECESSARY VITAMINS ANTI MINERALS 
AS WELL AS FIBER. CEREALS OR WHOLE GRAINS, LEGUMES, FRUITS AND VEGET- 
ARLES ARE NOURISHING SOURCES OF CARGOHYDRATES. THAT PORTION OF YOUR 
DIET WHICH COMES FROM SUGARS 7S NOTE {N FOOL GROUF 6. A SERVING STZE 
IS EQUAL TO 1 TEASPOON OF SUGAR ANI £5 APPROXIMATELY 15 NON-NOURISHING 
CALORIES. THE FOODS ae HAVE EATEN THAT ARE MAKTICULARLY et IN SUGAK - 
ARE NOTED IN THE FOO {NPUT LIST. 


FAYS SUPPLY THE MOST CONCENTRATED SOURCE OF ENERGY FOR YOUR BODY AN) 

ARE REQUIRED AS A SOURCE OF [ESSENTIAL FATTY ACIDS: PARTICULARLY LINOLEIC 
ACI, ANTH AS A CARRIER OF THE FAT SOLUGLE VITAMINS A» Dr EF AN Ke THE 
TYFE ANI! AMOUNT GF FAT-YOU EAT IS IMPORTANT YO YOUR HEALTH AND MANY 
HEALTH FPROFIESSTIONALS [ENCOURAGE A MINIMUM INTAKE OF FAT FROM ANIMA: FOOD 
SOURCES BALANCED BY SOME FAT FROM VEGETAULE FOOD SOURCES. THAT PORTION 
OF YOUR DIET WHICH COMES FROM FATS £5 NOTEN IN FOOL GROUF S. EFACH UNIT 
IS EQUAL TO THE FAT CONTAINED IN 1 TEASPOON GF BUTTER AN CONTAINS 
APPROXIMATELY 45 CALORIES. FOR MORE INFORMATION FIEASE REFCR TO "GOOD 


-EATING TO GUARN YOUR HEART". —  - ~—- a ee 


VITAMINS ANI MINERALS» GENERALLY SVEAKINGs ARE SPECIAL SUBSTANCES THAT 
ARE NEEVED IN GMALL AMOUNTS RY YOUR BODY TO PERFORM COMPLEX CHEMICAL 
REACTIONS THAT ARE VITAL TO YTS PROPER FUNCTIONING ANY HEALTH. VITAMINS 
FLAY THEIR MOST IMPORTANT ROLE BY TNSURING THAT OTHER NUTRIENTS ARE 
USED EFFECTIVELY. MINERALS ACT AS JODY REGULATORS AND AS BUILLING MAT 
ERIALS FOR BOTH HART ANT pOF i TISSUES. THE PAMPHLET "FUNCTIONS ANI 
SOURCES OF NUTRIENTS {N FOOUS*, THAT COMES WITH THIS PRINTOUT, IS MOK 
SPECIFIC. NUTRIENTS ARE. INTERRELATED ANU THE FROPER BALANCE MUST BE : 
MAINTAINED. EXCESS, AS WELL AS DEFICIENCY? OF ANY NUTRIENT MAY BE HARM 
FUL. IN OTHER WORDS, A CERTAIN AMOUNT OF EACH NUTRIENT 15 ESSENTIAL 

FOR GROWTH AND MAINTENANCE OF HEAL THs TOO LITTLIE CAN CAUSE BEFICIENCY 
DISEASES ANT TOO MUCH CAN PRODUCE TOXICITY OR METASGLIC UISTURRANCES. 
IT IS IMPORTANT TQ KEEP THIS IN MIND GEFORCE SELF PRESCRIBING ANY VITA- 
MINy MINERAL OR OTHER NUTRIENT SUPPLEMENT. A DAILY BIECT THAT CONTAINS 

A VARLETY OF DIFFERENT FOOUS FROM WITHIN [ACH OF THE IMPORTANT FOOU 
GROUFS IS MOST LIKELY TO GIVE YOU THE REST BALANCE OF ALL NUTRIENTS. _ 
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FOOD INPUT LiST 
AY i 
AMOUNT SERVING SIZE a FOOD. NAME COMMENT 
Siew alk HUIS ey ard MILK--2% VITAMIN L SOURCE 
4,00 1 SLICE-— -— -RREAU+100Z% WHOLE GRAIN : = = 
Te OOn 8 Cle CEREAL +URY IENRI. + FILANED 
2.00 2 CRACKERS» WHOLIE WHEAT 
1.00---1 - MUIFFINyWHOLE GRAIN, BRAN 
OO Zac Fs ’ FRUIT COCKTAIL, CNN.» SW. HIGH SUGAR CONTENT 
es One GRAPEFRUIT 
—-1»00 -1 - : QRANGE/TANGERINE — 
Oe 2dr ied vim CUCUMIER 
1.00 2 LARGE LETTUCE LEAVES 
eaoy las = MEATS +s ULILI- TYPE HWIGH FAT CONTENT 
1.00 1 YRSF MAYONNAISE HIGH FAT CONTENT 
ergopey sl taney ale! pple wi it eal ge HIGH CALORIC CONTENT 
1.00---1 -CUP - TEA : : = ee 
sbisfexoy al qela ls CHICKIEN A LA KING RECIPE VARIES 
is OO te LIES CHOF SUEY & MEAT 
1.00 --4 Cur CHOW MEIN+sNO NOODLES 
—— -_-_—-— a AY _ — 
AMOUNT SERVING SIZE FOOD NAME COMMENT 
1.00 J/CUP, & CZ MILK-22 VITAMIN L SOURCE 
Luton) al Ba RIES BREATsWHITE JNRICHED 
— 2P,00°-2-— ~ we CRACKERS rRUSK/SMELGA ven ~~ - we ne 
ca) MUFF IN, WHOLE. GRAIN», BRAN : 
On 90 ad sCUF » MACARONI; PASTA+CKD. 
1.00 -1-MEDIUM — = APPLE a ae 
200 wee CUP QRANGE JUICE sUNSW. 
speyey “al 22s oe CORN, KERNEL 
1.00 2 LARGE LETTUSE LEAVES 
alopapey, yt EGGrFLAIN¢CKRI. 
gO Om eat eke IACON, SIDE HIGH FAY CONYLNT 
1.00--2 {IZ - HAM/EACKRATON WIGH FAT CONTENT 
a5 0 ene CZ CHICKEN, BANIEL 
1.00 Ba. TS? MARGARINE HIGH FAY CONTENT 
sh yekoy ob aM ekape MAYONNAISE HIGH FAT CONTENT 
Bice) a) sf Bltcs COFFEE 
ip ekey ol VOLNIE- TEA 
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AMOUNT SERVING SIZE FOOL NAME COMMENT 
ope Ho Pag peg ea Wa 8 Pe ~~ --CHEESE + CHENNARs HART : ——— = 
2e0 sd CLUE ss OZ MILK--2% VITAMIN D SOURCE 
Bir Ohey oh Sl aere BREA, LOO WHOLLC GRAIN 
TH OON 9 CRACKERS » RUSK/MELBA 
dip OOl ok MACARONI sPASTA+CKH, 
1.00 1 MEDIUM APPLE 
——— OO 1/7 2- CUE — ORANGE JUICE, UNSW. 
1.5 2 LARGE LETTUCE LiZAVES 
Ome EGGsrl ALN, CKD. 
2-00 --1- OZ —- - MEATS pVCLI TYPE HIGH FAT CONTENT 
2.00 3 OZ CHICKIEN, RAKED 
120071 TSP MARGARINE HIGH FAT CONTENT 
3.00 1 THGE- ——-- MAYONNAISE . -—-_ —__ - —__.._ HJIGH FAT CONTENT 
LROOME MEO Tet. O2s bert HIGH CALORIC CONTEXT 
1400" 1 Cur THEA 
1.00 1 TRSF. .- JSAM/JELLY/SHONEY/S YUP HIGH SUGAK CONTENT. - 
1.00 1 IN. SQUARE CAKES FRUIT HIGH SUGAR AN FAT 
DAY 4 
AMOUNT SERVING SIZE — FOOD NAME.- COMMENT 
2.00 1 CUR, & OZ MILK--2% VITAMIN fT SOURCE 
Parag — al cep dG BES BREAN, 10024 WHOLIE GRAIN 
2-00 2 CRACKERS » RUSK/MEL BA 
1.00 1 MEDIUM APPLE 
1,00 1 MEDIUM BANANA 
£3:00 172 CUP ORANGE JUICEsUNSW. 
2a OOM te CHICKEN, F RIEU 
Ama DE fap Cpe rede Be SRS) —~ PEANUT - BUTTER-=— + = ane FAY & INCOMPLETE PROTEIN 
- -- 1,00.—+-FSP —- -——— MARGARINE. — —— — — —_ —_#IGH FALCON Ten 
Fanohe) 5) QasomiAvpebAl (ere sre oir HIGH CALORIC CONTENT 
100 1 SGCUP OF ft - = 
1.00 2 COOKIEs OAT MEAL HIGH CALORIC CONTENT 
LOOT CUE CHICKIEN A Léa KING RECIPE VARIES 
1.00 1 UP CHOF SUEY & MEAT 
2200 2 Gir CHOW MEINyNO NOODLES 


TMI, 144 POT 
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PLEASE NOTE? THE ANOVE COMMENTS REFER TO EACH FOOD IN A CENERAl SONS. 

IF YOUR DIET 15 1N NEED OF SOME CHANGE? THESDO COMMENTS SHGULI HELE YOU 

TOT RECTUS WHICH FOSUS  TUNAVOlUs- Vie YOURS ULET IS FINES CONSTULIC™ GEM As 
"INFORMATION ONLY’. 


A REMINDOR:S THE ANALYSIS PRESONTEM ANOVE (5 MASEL ON STANWARNS FOR 
NORMALLY HEALTHY CANANYTAN CHILDREN AN AMULTS. Th YOU ARE WORRICD AMOUT 
YOUR DIET WE RECOMMENT! THAT YOU STEK HELE FROM A PROFESSIONAL Wil TITIAN- 
NUTRITIONIST, YOUR LOCAL HEAIZTH INIPARTMENT OR YOUR FHYSICIAN. 


WE HAVE TRIEG TO {NDICAVE Vie CHARACTERISTICS OF YOUR Bitty YOU Miciy Lak 
MO ECONSIMER AnUGUSTING SO; WHAT YOURS Memy CAN FUNCTION Al ifs LEST. we Wiss 
YOU GOHNOt ULALTII. 


COMPUTER PROGRAM DEVELOPED FOR ACTION .c. 


NUTRIENT ANALYSIS BAST GN CURKIINT CANANLAN WAC ARY STANDARIS. 


85 


Ai"ies ~— » V9i 
card 13 +x 


sg The 


Stags Tm te dance sane an) 
Pune 1RANIR AkiaeRS 7 se Fever) all ena 


, . y 


APPENDIX I 


Calculations for Determining npR' 
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1. Raw data needed: 


- VO, (4) and vco, (4) for each phase of rest, warm-up, exercise and 


recovery 


- urea N, production (g/hr) over the entire session 


2. The npR value must be computed for each phase. The amount of O, and 


2 


CO, associated with protein catabolism is subtracted according to: 


Ise vurea NS =) 5.91 2 0, consumed 


2 
1 g urea N, = 4.76 £ CO, produced 
(Hawk, 1951) 


The resulting formula to determine npR for each phase is: 


veo, (1) - (4.76 L] x phase time (min) x N, (g/hr) 


= 60 min/hr 
P vO, (1) “i 5.91 €/g x phase time (min) x N, (g/hr) 
60 min/hr 


3. The phase npR are adjusted to normal R measures. The resting npR 
is adjusted to 0.83 as a reference and all subsequent phases are 
adjusted the same amount in the same direction, The result is a 


modified npR (npR') for each phase. 


For example: 


Phase npR 4 npR' 
Rest 0.91 0.08 0.83" 
Warm-up 0.94 0.08 0.86 
Exercise Weg be 0.08 Neo. 
Recovery Wes! 0.08 Gee sie) 


reteyence value for rest (0.83) 
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Regression Procedures for Covariant 
Determination 
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A regression equation was generated to predict exercise intensity 
from exercise HR, lactate levels and npR'. The equation was made using 
the data from the T group: 

Int = 0.43(HR) + 0.11(LA) + 21.65(R) - 35.97 
The multiple R was 0.9356 (R° = .8753). 

This equation was used to generate intensity values for both the 
T and UNT groups at each session. These values were then used as 


covariants in an ANCOVA, 


Group Intensity (% VOpmax) 

30 40 250 60 
a Ee Ree eee ee 
al S150 4133 Sih. Bee 
UNT 3072 33.6 43.8 49.3 


(xno? 2Y 9g tuestet 
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ANOVA Tables 
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APPENDIX M 


Indirect Determination of 
Optimal Exercise Intensity 
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Wilmore et al. (1976) arranged their table of R values in ascending 
METS ( 2 - 16), with 1 MET = 3.5 m1 0,/kg /min. The group's (T and UNT) 
average oxygen uptake for the four exercise intensities was determined 
and equated to a Wilmore R value. Subsequent manipulation to obtain non- 
protein values showed only slight changes, so the original Wilmore values 


, 


were used throughout the following computations. 


Wilmore R Values 


Group Intensity (% VO max) 
30 40 50 60 
ah Ono 0.80 FOs03 0.87 
UNT O78) 0.78 0.80 OF coe 


From the tables of Lusk (1924), the percent contribution correspond- 
ing to each R value is obtained. 

The final step is to Heer the energy contribution by fats at 
each intensity. This value is generated by multiplying together the 
percent contribution, the average litres of oxygen consumed and the 
approximate caloric equivalent of 5 kcal/@ 0, (Mathews and Fox, 1976). 
For example, the trained group under 307% VO,max: 

Oni jextahed OL Des keal/Z 0, = 160 kcal 
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